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. receiving thankfully all that physiology or chemistry or another 
science can give us, let us still hold that that alone is true which is 
proved clinically, and that which is clinically proved needs no further 
evidence. ^ * 

— Sir James Paget 


‘ * If ever the human race is raised to its highest practicable level intel- 
lectually, morally, and physically the science of medicine will perform 
that service. 

— Descartes 


“What helps the individual patient most is to be taken as the best treat- 
ment, for liim, whether it be possible or not to analyze its action in 
every detail.’^ 

— Wenckebach 


“It is not to be imagined that he should know the remedies of diseases 
who knows not their original causes.^’ 

— Aurelius Cornelius Celsus 


“Let us, a little, permit Nature to take her own w^ay; She better under- 
stands her own affairs than we.“ 

— Michel de Montaigne 


“The best inspirer of hope is the best physician. 

— Samuel T, Coleridge 


‘ ‘‘ A merry heart doeth good like a medicine. . . . “ 

— Proverbs 17 


“Looks — to judicious compilers, are useful; to particular arts and 
professions, absolutely necessary; to men of real science they are 
tools. * * 


— Samuel Johnson 




PREFACE TO FOURTH EDITION 

'riic aim of this revision is to present a^j^ain that information about 
drugs essential for tlie student of medicine and the practicing physician; 
to present sutticient information a)>out tlie practical use of drugs to 
assist the student in the transition from his preclinical years to clinical 
stu<iies. 

The trend to<lay is toward a <*Ioser correlation b(*tween the basic 
sciences and clini(‘al im'dicine. If the thera]>eutic use of drugs is com- 
pletely dissociated from the other drug information, an unavoidable 
gap will always exist in the stu<lent’s knowlerlge of these important 
sulistances. 

As in finrner editions, the essentials of plnirimo'y are j)resented in 
order to i)reparo the student to administer drugs intelligently. Proscrip- 
tion writing is again given a jdace of prominence. Intelligent drug 
therapy is closely associated with the writing of good prescriptions. 

The chapter on Toxii'ology has not Immmi enlarged. The material, how- 
<*ver, has been r(*vis(‘d and reorganized in order to allow for a brief 
discussion of industrial toxicology. A knowledge of the fundamental 
principles underlying the injurious action of substances used in in- 
dustry is essential to every stmlent of me<licinc and every practicing 
jdiysician. 

A characteristic of American medicine has been the constant search 
for new medicines timl the development of new uses and methods for 
older remedies. Significant new remedies are discussed, including 
polymyxin, aur(‘omyein, antihistamines, folic a»*id, rutin, PAL, anti- 
thyroid drugs, newer antimalarials, ^‘nitrogen mustards,’' digitoxin, 
blood fractions, radioa(!tive phosphorus, and many more. New informa- 
tion on hormones and also on vitamins is given. 

The revision of this book has aimed at keeping faith with those who 
have honored me by using my previous editions, by presenting useful, 
j)ractical, and up-to-date information. The reception accorded the 
previous editions has been gratifying and has made the preparation of 
this revision a })leasant task. 

I wish to thank many kind readers who have offered valuable sug- 
gestions for impniving this edition. Finally, it is a pleasure to 
acknowledge my indebtedness to Gertrude Krmentrout Davison for her 
cimouragenuMit and painstaking editorial assistance. 

Forrest Kamon Davison. 

Minneapolis, Minnesota. 
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PREFACE TO FIRST EDITION 

In the following pages 1 have attempted to present, as briefly as 
seems consistent with thoroughness, the information about drugs essential 
for the student of medicine and the practicing physician. 

In writing this book I have kept in mind two guiding principles: 
First, that pharmacology is an integral part of medicine; obviously, 
the theoretical study of drugs should not be divorced from the practical 
application. Second, there should be a judicious limitation of the sub- 
ject matter consistent with its importance in the field of medicine. I 
have selected for discussion those commonly used drugs with established 
effectiveness, eliminating superfluous material. 

Although the important newer drugs have not been neglected in this 
volume, the student of medicine and the physician must remember that 
these newer pharmaceutical products supplement, but do not neces- 
sarily replace, those preparations the composition, action, and therapeutic 
results of which have been established by continued usage over the 
years. From the extreme eagerness with which newer untried prepara- 
tions meet with approval we might believe that the drugs found in the 
U.S.P., the N.F., and the N.N.R. were of little therapeutic value. It is 
admitted that all of the large numbers of drugs and preparations in- 
cluded in the U.S.P., N-F., and N.N.II. are not of significant therapeutic 
value, thus requiring critical selection by the practicing physician. It 
has been my aim, in so far as possible, to present in this volume those 
drugs with established therapeutic value. 

A classification of drugs which shall answer all purposes has never 
been, and probably never will be presented. Guided chiefly by the 
needs of the medical student, I have presented a classification of drugs 
which should help to simplify, for the student, the rapidly accumulat- 
ing mass of information concerning drugs found in medical literature. 
The site of action and the therapeutic activity of the various drugs 
have been used in the development of the classification presented. 
Such a systematic classification has proved very effective in teaching 
and provides the student with a background from which a better 
understanding of pharmacology can be acquired. 

It has been my aim in constructing this volume to present pharmacol- 
ogy as an applied subject. Pharmacology should be taught in the class- 
room, laboratory, and clinic. Unless the scientific evidence for the 
pharmacological action of drugs be directly tied up with the clinical 
application of drugs, the student will derive little practical benefit 
from his course in pharmacology. Hence I have omitted highly special- 
ized scientific details, beautiful in their intricacy, but of little value 
to the future physician, and have substituted fundamental and practical 
applications of drug action. 

The role of drugs in the treatment of disease is illustrated by the 
large number of prescriptions of merit which are included in the 
text. These not o^y furnish the student with an armamentarium of 
drugs for his future use, but also serve as models for prescription 
writing. It is felt that a fundamental knowledge of the therapeutic uses 
of drugs, supplemented with the ability to write correct prescriptions, 
is of value in bridging that gap between the preclinical and clinical 
years that so frequently exists. 


10 



PREFACE 


11 


A complete bibliography would be inappropriate for a book of this 
size^ but for the sake of those who wish to do additional reading a 
limited number of references have been given at the end of each chapter. 

Textbooks represent material supplied by thousands of workers, 
hence, it is impossible to assign credit where credit is due. 1 have 
utilized current literature and texts in pharmacology, physiology, bio- 
chemistry, and medicine for material used in the preparation of this 
volume. Where direct reference is possible, this has been made in the 
text. 

While the liberal pursuit of knowledge should never be discouraged, 
we must face the fact that too often the required time cannot be found 
in the medical curriculum to make an exhaustive study of each subject; 
consequently, I have tried to write a text such as I would have been glad 
to have had as a guide while pursuing my training in pharmacology. 

I am deeply grateful to Doctors K. A. Siler, R. Gregory, E. L. Wilbur, 
and C. H. McDonald for valuable suggestions tending to improve 
the scope and value of this work. To my wife, I am deeply indebted 
for her assistance and encouragement in w’riting this book. Finally 
I wish to thank The C. V. Mosby Company and Dr. D. E. Jackson, 
who have kindly permitted the reproduction of many valuable figures. 

Forrest Ramon Davison. 

JJttlo Rock, Arkansas. 
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PART 1 


CHAPTER I 

THE BASIC PRINCIPLES OP PHARMACOLOGY 

Definitions 

Pharmacology (Gr. pharmakon, drug; logos, learning or science) is 
the science of the action of medicines, their nature, preparation, admin- 
istration, and effects. The following divisions of the field are recog- 
nized : 

Pharmacodynamics (Gr. pharmakon; dynamos, power), the study 
of the action of drugs on living organisms. 

PiiARMACOTiiERAPEUTics, the study of applying drugs in disease. 
Therapeutics includes all remedial agents and measures which promote 
comfort and well-being, and the healing of the patient, i.e., psycho- 
therapy, physiotherapy, dietotlierapy, and occupational medica. 

Materia Medica (L. materia, material; medica, medical), that branch 
which deals with drugs, their sources, preparations, actions, and uses. 

Pharmaeognosy (Gr. pharmakon; gnostic, seeking to know) deals with 
the origin, anatomical structure, and chemical composition of crude 
drugs. 

PUARMA(’EUTICAL CHEMISTRY, the Study of the chemistry and the 
chemical preparation of drugs. 

Pharmacy, the study of preparing and dispensing drugs for medicinal 
purposes. 

Toxicology (Gr. toxikon, poison; logos, understanding), the sum of 
what is known regarding poisons; the scientific study of poisons, their 
action, their detection, and the treatment of conditions produced by 
them. 

What Is a Drug? The United States Pure Food and Drug Act 
defines a drug as follows: **The term drug as used in this act shall 
include all medicines and preparations recognized in the United States 
Pharmacopoeia or the National Formulary for internal or external use 
and any substances or mixture of substances intended to be used for 
the cure, mitigation or prevention of disease of either man or other 
animals.’' 

Scope of Fhannacology 

Pharmacology is one of the more recent developments of the 
medical and biological sciences. Although closely related to other 
sciences, it is neither possible nor advisable to set up too sharp a line 
of demarcation between it and other studies, such as pharmacy, physi- 
ology, pathology, biochemistry, and internal medicine. 
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Becent progress in pharmacology has been largely dependent on 
the application of the great principles which were laid down by those 
outstanding pioneers of medicine and surgery — William Harvey and 
John Hunter. Such pioneers of pharmacology as Arthur Bobert 
Cushny and John Jacob Abel have contributed much to the advance- 
ment of this science. Since early times our knowledge of the use of 
drugs has been obtained as the result of experience and empirical 
observation. In some instances ** fortunate mistakes'' have resulted 
in beneficial efTects, not only on the individual patient, but also by 
suggesting a new method of treatment for fellow sufferers. For 
example, Trousseau in 18(54 intended to prescribe tincture of digitalis 
for a patient suffering from exophthalmic goiter, but actually wrote 
down tincture of iodine; the next time he saw the patient, he was 
astonished at the extraordinary improvement. 

Recently in evaluating remedies, the test of experiment has supple- 
mented empirical observation. Every new drug is tested chemically 
and clinically before it is received into the ranks of established 
therapeutic remedies. Animal experimentation has played an im- 
portant part in the modern advances in pharmacology. Animal ex- 
periments are also utilized for testing the toxicity and potency of 
all new drugs. This acts as a means of safeguarding human beings 
from the dangers of overdosage, and ensures greater dependability 
and efficiency of action in treatment. 

During the present century chemical research has led to the 
discovery of many new compounds and the pharmacological and 
phy.siological actions of many of these substances have been studied. 
The linkage between the chemical constitution and the pharmaco- 
logical action has been so closely studied that the pharmacologist can, 
to some extent, predict the probable therapeutic action of a drug. 
Such investigations as these led Ehrlich to discover salvarsan, and 
similar researches on barbituric acid led to the discovery of many 
valuable barbituric acid compounds, such as pentobarbital, pheno- 
barbital, and others. 

The discovery and development of the sulfonamide drugs represent 
one of the most dramatic achievements in medicine. The advent of 
penicillin, streptomycin, and other products of microbic origin may 
prove of even greater importance. It seems of special significance 
that several classes of reagents are now competing for supremacy as 
anti- infective agents in conditions which were formerly unresponsive to 
any type of therapeutic agent. More recently, nuclear physics has 
provided procedures whereby the metabolism of a drug can be fol- 
lowed by means of so-called isotope-tracer methods. 

We must not lose sight of the fact that the great interest of 
pharmacology does not lie in its purely biological aspects but rather in 
its relation to the treatment of disease. The physician must have 
a knowledge of both normal and pathological processes and, with this 
knowledge at hand, he must attempt to administer that drug which 
will modify the disorganized process or some other physiological 
proce.ss in order to bring about the desired result in the patient. For 
example, drugs may be administered to relieve pain, to induce sleep, 
to reduce inflammation, to contribute to the comfort of the patient, 
and for numerous other reasons. Thus, drugs are administered to 
enable nature better to counteract the pathological processes present; 
to increase or decrease some physiological function in order to 
alleviate the sufferings of, or to cure, the patient. Hence, knowledge 
of pharmacology is essential for the practice of medicine. 
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METHODS OF DBUO ADMINISTRATION 

Successful treatment of, disease by drugs depends on a thorough 
knowledge of the various methods of administration, and on the 
ability to select the most direct channel available to reach the seat of 
the disease. Therefore, we must decide whether we desire local action, 
i.e., action at point of application, or general action, i.e., systemic 
action that occurs after absorption. The effect and success of a remedy 
are often determined by the method of administration. 

Regardless of the path of administration of a drug the remedy 
eventually reaches the circulation. The results vary directly with the 
rate of absorption. As a general rule the rate of the absorption occurs 
in the following order, beginning with the most rapid: 


1. Blood stream (vein) 

2. Inhalation 

3. Intraperitoneal 

4. Intramuscular 


5. Subcutaneous (hypodermic) 

6. Intradermal 

7. Oral 

8. Skin (local application) 


Drugs are usually administered by one of the following methods: 

1. Oral Administration. — This method of drug administration is the 
most convenient and the most common method used. Drugs may be 
absorbed from any part of the alimentary tract; the rate of absorp- 
tion varies greatly wdth the different portions. Drugs are usually 
so quickly swallowed that little absorption occurs in the mouth. The 
oral route is the best route for drugs intended for local action on the 
upper digestive tract. Absorption from the stomach varies with the 
form of the drug, the solvent, and the amount of food in the stomach. 
To act directly upon the stomach a drug should be given before meals. 
Drug absorption is most rapid from the small intestine; here the con- 
ditions are very favorable for absorption — an extensive surface, long 
sojourn, folds, villi, and segmental movements. To insure direct ac- 
tion upon the intestine and to avoid the action of gastric juice, a drug 
may be given in the form of a pill coated with salol. WJigxb however, 
the drug deranges digestive functions, causes nausea and vomiting, or 
produces gastric inflammation or ulceration, or when digestion destroys 
the remedy, then other routes of administration are indicated. 

Drugs takeji by mouth generally pass through the portal circulation 
and through the liver before entering the s^’stcmic circulation. The 
other routes result in more direct absorption into systemic circulation, 
thus by-passing the liver which may store or destroy all or part of the 
drug. Consequently oral doses are usually larger than for other routes. 
Furthermore, drugs given by routes other than by mouth, may produce 
an increased sensitivity, as no storing or detoxifying action by the liver 
is present. 

2. Rectal Administration. — This means of administration is used 
to obtain both local and general effects, and for exciting evacuation. 
If a drug cannot be given by mouth, because of nausea and vomiting, 
or because of a desire to limit peristalsis, it may be administered 
by rectum, cither in the form of enemas and suppositories, or as medi- 
cated saline solutions. 

The rectum is a good absorbing surface for many drugs.*- The 
rectal dose is often the same as, or smaller than, that for oral ad- 
ministration, but no fixed ratio exists betw’^een oral and rectal dosages. 
The remedy 'is introduced through a rectal tube which is inserted 
about 10 inches. After the material is injected the rectal tube is 
slowly removed. Salts and narcotics are absorbed more rapidly 
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from the rectum than from the oral route. Glucose solutions are often 
administered by the rectal route. Certain drugs, such as tribromo* 
ethanol and ether-in-oil, are regularly given by this route. Drugs 
administered by rectum may, by retroperistalsis, be carried back as 
far as the cecum and thus be absorbed by the colon. Rectal adminis- 
tration is unesthetic and is prone to produce proctitis. 

Parenteral Administration 

Parenteral administration is the administration of drugs under the 
skin or mucous membrane. The medicinals used should be sterile and 
free from pyrogens. Parenteral solutions must be given with aseptic 
precautions. 

3. Subcutaneous Administration. — Subcutaneous administration is 
of more recent origin and is widely used. By this method drugs 
are injected through a fine hollow needle into the subcutaneous tissue. 
Drugs administered in this manner are promptly absorbed through 
the lymphatic or blood capillaries into the systemic circulation. 

The majority of parenteral injections are given subcutaneously. 
The tendency to severe and dangerous reactions are much less than 
with intravenous injections although the chance of infection is some- 
what greater. Unless the drug is irritating or must be injected 
directly into the blood stream to be effective, the subcutaneous route 
ic the one of choice. 

Procedure: The skin is sterilized, drawn taut, and the needle (gauge 
24 to 26) quickly inserted. It is best to withdraw tlie plunger slightly 
after the needle is inserted, and before the injection is made, to make 
sure the needle has not entered a vein. 

Hypodermoclysis (subcutaneous infusion) is the introduction of large 
amounts of a drug, usually in physiological saline or some other isotonic 
solution, into subcutaneous tissue. 

4. Intravenous Injection. — When immediate action is indicated, a 
drug may be given directly into the blood stream; for instance, the 
administration of strophanthin in case of acute cardiac dilatation. 
Doses under 20 cc. may be rightfully considered as intravenous, while 
the term infusion is used for larger doses usually administered by a 
^ * gravity apparatus. * * The advantages of this method are ; 

a. Instant action. 

b. More accurate adjustment of dosage. 

c. Avoidance of gastrointestinal irritation. 

d. Avoidance of subcutaneous and intramuscular irritation, i.e., ir- 

ritation caused by tartar emetic. 

The disadvantages of intravenous injection are : 

a. Adverse reactions due to altering of equilibrium of blood col- 

loids. 

b. Certain substances incompatible with blood, e.g., acids and 

metallic salts. 

c. Drugs must be in solution. 

d. Necessity for surgical technic. 

The toxicity of a drug may be greatly reduced by having it well 
diluted and by injecting it slowly. The intravenous dose is usually 
smaller than the oral dose. Intravenous injections are usually made into 
the antecubital veins. Method: A tourniquet is applied over the upper 
third of the arm to produce venous stasis. The needle is then intro- 
duced aseptically; the plunger is drown back and as soon as blood 
appears the needle is inserted from 0.5 to 1 cm. within the vein, the 
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tourniquet is loosened, and the solution injected slowly. If a chill 
follows the injection, the patient should be warmly covered. In severe 
reactions subcutaneous injection of 0.5 cc, (7 minims) of epinephrine 
solution may be indicated. 

In case the veins of the forearm are not available, the superficial 
veins of the hand or foot, the femoral vein, or the jugular vein may be 
used. In infants the jugular vein may be used and in extreme cases 
the longitudinal sinus of the skull. Accidents are rare with most sub* 
stances, and there should be no hesitation in using intravenous adminis- 
tration if this route is indicated. 

Intravenous infusions are given when immediate need of fluid or 
nourishment or when the special effects of hypertonic or hypotonic 
solutions are iiidieated. Physiological saline, with or without glucose 
or hypotonic sodium chloride (0.5%) or hypertonic sodium chloride 
(15%) are often used. 

Five hundred cubic centimeters of fluid may be given in from 15 to 
30 minutes, or even larger amounts if given by continuous drip over 
several hours. 

5. Intramuscular Administration. — In this method, deep injection 
is made of oily or aqueous solutions of irritant drugs into the skeletal 
muscles, preferably the deltoid, gluteal, or lumbar muscles. Absorp- 
tion is prompter than after subcutaneous administration, and there 
is less liability of abscess formation or necrosis, due to great vascu- 
larity. In making an intramuscular injection the needle attached to 
the syringe should be plunged into the muscle. Before expulsion one 
should aspirate to be sure the tip of the needle is not in a vessel. The 
technic of administration is essentially the same as in subcutaneous 
injection. A 22-gauge needle about 2 inches long is used. 

d. Intraperitoneal Administration. — This form is indicated in small 
children who have small veins, or those too old for sinus puncture, 
the fontanels having closed. 

Method: Under sterile conditions a small slit is made in the skin 
of the abdomen a little below and to the left of the umbilicus; then a 
dull needle is introduced through this slit. Bladder should be empty 
to prevent puncture. Solutions of saline and dextrose up to 300 cc. 
may be introduced. 

7. Intramedullary Injections. — Drugs administered by injection into 
bone marrow spaces by this route are absorbed rapidly, about as 
rapidly as by the intravenous route. It may be used for the infusion 
of liquids, and in infants for puncture of the femur or tibia. There 
is some danger of fat embolism and osteomyelitis. 

8. Subdural Injections. — Subdural injectioTis, also called subarach- 
noid or intrathecal injections, mean introduction of material into the 
cerebrospinal fluid. This method is used if the drug is to act directly 
on the spinal cord or on nerve roots as for spinal anesthesia. It is 
used also for colloidal drugs that do not penetrate the nervous tissues 
from the blood, e.g., arsphenarainized serum in cerebral syphilis. 

a. Lumbar Puncture , — For this injection the patient should lie 
horizontally upon one side, the skin should be thoroughly cleansed with 
tincture of iodine and alcohol, and the needle pointing directly forward 
and slightly cephalad is introduced in the midline between the third 
and fourth lumbar vertebrae. The fourth lumbar vertebra may be dis- 
tinguished by the fact that it is crossed by a line drawn between the 
two postiliac spines. A pressure greater than 200 mm. of water is 
to be regarded as abnormal. Estimate pressure only when patient is 
lying down; the pressure is higher when in an upright position. It is 
advisable to withdraw the spinal fluid slowly. For therapeutic purposes, 
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in the presence of increased spinal fluid pressure, not more than 20 cc. 
(in children 5 to 10 cc.) should be withdrawn, and the pressure should 
never be lower than 100 nun. 

b. Cistern Injection . — This procedure requires no hospitalization, is 
easier for the physician, and has no undesirable effects. The patient 
sits with head flexed and supported on a pillow, then the needle is 
introduced just above the margin of the spinous process of the epis- 
tropheus (second cervical) through the ligamentum nuchae along the 
arch of the atlas to the foramen magnum and then through the dura 
into the cisterna cerebellomedu Haris. 

c. Ventricle Injection . — This procedure consists in trephining, under 
anesthesia, then the introduction of a cannula into the lateral ventricle. 

9. Inhalation Administration. — This method is used for certain 
highly volatile drugs, e.g., ether, chloroform, and nitrous oxide. These 
are readily absorbed tlirougli the mucous membrane of the respiratory 
tract. The systemic action of tliese drugs is regulated by the con- 
centration of the medication in the inspired air. The rich capillary 
area of the alveoli presents an excellent absorbing surface. Less 
volatile drugs are sometimes inhaled lor their local action, e.g., medi- 
cated steam. Nonvolatile, finely divided substances may be absorbed 
from the respiratory tract sufliciently to develop a general action. 

Inhalation has been used with some success for the administration 
of the sulfonamides and the antibiotics and for drugs used in the 
treatment of asthma. 


Topical Administration 

10. Local Applications. — Drugs may be applied directly to the skin 
or to mucous membranes. The vehicle and the method of application 
play an important part in the success of this typo of njedication. 

Drugs may be administered to the skin, wounds, and mucous mem- 
branes in the form of ointments for prolonged action and protection; 
as plasters for prolonged action, protection, and mechanical support; 
in solutions for antiseptic i>urposes and moist dressings, and finally 
as dusting powders and poultices. Absorption from the skin is poor 
and uncertain. The lining of the sw^eat glands and the hair follicles 
offers the chief route of absorption for drugs in the normal skin. 

a. Inunction Administration. — Inunction, or the introduction of a 
drug through the unbroken skin, in the past was frequently employed in 
the administration of mercury. Two other drugs, however, belladonna 
and codeine, may be profitably administered by this method. Mercury, 
administered by inunction, is often used in the treatment of syphilitic 
infants. Belladonna may be employed as a means of stopping lacta- 
tion in a mother who is weaning her child. 

b. Intracutaneous Injections . — These are injections made into the 
skin, and are used for making diagnostic skin tests, and also for local 
' ‘ inflltration anesthesia. ’ ' 

c. Subnasal Injection . — This means injection under the mucous mem- 
brane of the nasal septum. This gives rapid absorption (approaching 
the intravenous route). 

d. Application to Mucous Membranes . — Aqueous solutions of drugs 
are generally used because oily liquids are rarely absorbed by mucous 
membranes. Warm isotonic solutions should be used and applied 
frequently. 

e. Nasal Medication. — Gases, sprays, irrigations, and powders may be 
administered to the nasal mucosa. A warm fluid may be dropped in by 
means of a medicine dropper. Oils may be used for oil-soluble rem- 
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edies. The practice of administering oily nose drops has met with dis- 
favor because of the possibility of producing a lipoid pneumonia. 

Irrigation with large quantities of fluid is quite effective but care 
must be exercised to use fluid under low pressure, otherwise there is 
liability to infection by way of the eustachian tube. A mixture consist- 
ing of 25 per cent each of lanolin and petrolatum forms a useful base 
for nasal ointments. 

Nasal medicaments, to be in line with present-day standards, should 
bo isotonic, have a slightly acid reaction (pH ().2), and be buffered to 
preserve the normal acid reaction of the nasal mucosa, to restore and 
preserve ciliary activity (Fabricant, 1942). 

f. Oral and Pharyngeal Administration. — Troches, mouthwashes, 
gargles, irrigations, and local applications are the most common forms 
of medication used. Troches are slowly soluble medicated candies that 
have a soothing effect on tlie iiioutli and tliroat. Mouthwashes are usu- 
ally sweetened solutions of alcohols, soaps or mild disinfectants, flavored 
with peppermint, cloves, etc., to make the taste more pleasant. They no 
doubt have little antiseptic value and are beneficial only as mechanical 
agents to remove foreign material. Gargles are usually astringents and 
are of value for adults if really brought in contact with the diseased 
tissue. Irrigation is especially valuable in treating children with 
scarlet fever. In tliis treatment a warm physiological saline solution 
is run back into the child’s throat as it lies, face downward, on the 
nurse’s lap. These irrigations arc made between respirations. 

g. Urethral Administration. — Lotions and suppositories are used in 
the urethral administration of drugs. Mild lotions may be used only 
on urethral mucosa. Small amounts may be administered to certain 
portions of the urethra, e.g., in chronic posterior urethritis. Large 
quantities may be used in urethral irrigations in late gonorrhea. {Sup- 
positories of medicated glycerogelatin, which melt soon after applica- 
tion, are often used in venereal prophylaxis. 

h. Vesical Medication. — Irrigation of the bladder is used in chronic 
cystitis. As a rule a catheter is introduced, under sterile conditions, 
until urine escapes, then 100 to 200 cc. of fluid are injected into the 
bladder and left in for a few minutes. 

i. Vaginal Administration. — Lotions, douches, and irrigations are 
commonly used in ^agillal medication. The vaginal membrane is not 
easily irritated and will tolerate a fairly strong disinfectant, but since 
the vaginal mucosa readily absorbs drugs, care must be exercised in the 
choice of medication used. 

In the healthy woman medication, such as douches, etc., is unnecessary, 
as the normal secretion and flora tend to promote cleanliness. A pro- 
longed hot douche (105® to 115® F.), for 20 to 30 minutes, improves 
the circulation in the pelvic organs, hastens absorption of the ex- 
udate, and aids any inflammation of the parts. 

Ulcers, erosions, and bleeding areas may be painted with 5 per cent 
silver nitrate. 

j. Conjunctival Administration. — Only mild agents may be used in 
the conjunctival sac, but strong remedies are used locally. Eye lotions, 
such as 2 per cent boric acid, are used. Subacute or chronic con- 
junctivitis is often treated by using a 1:1,000 solution of zinc sulfate 
in 1 per cent sodium chloride. 

Eyedrops commonly used are composed of 0.5 per cent atropine in an 
aqueous solution of 0.25 per cent salicylic acid. Eyebaths nrg carried 
out by using a 3 per cent boric acid solution and a suitably shaped 
eyecup. Eye compresses are indicated in the treatment of inflammatory 
processes of the eyelid, e.g., hordeolum. Eye salves or ointments are also 
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of value in the treatment of the eye. For example, petrolatum may be 
of value in preventing the eyelids from sticking together and yellow 
mercuric oxide ointment is valuable for preventing the recurrence of 
hordeolum. 

ABSORPTION. DISTRIBUTION, PATE, AND EXCRETION 
OF DRUGS 

Absorption. — The time required for absorption of drugs into the 
body ranges from a few seconds, e.g., amyl nitrite, to several weeks, 
e.g., lead. The rate of absorption depends to a certain extent upon such 
factors as the solubility and diffusibility of the drug, and the health 
and permeability of the tissues through which the material passes. The 
site of administration and the efficiency of the circulation also in- 
fluence the rate of absorption. 

Drugs are most rapidly absorbed from serous surfaces such as 
those of the pleura and peritoneum. The subcutaneous tissues are 
next in efficiency, followed by the mucous membranes of the gastro- 
intestinal tract. 

When drugs are given by vein the factors concerned in absorption 
are eliminated and in most cases the action of the drug is immediate. 
Few drugs readily penetrate the skin. Certain fatty vehicles, how- 
ever, greatl}” enhance cutaneous absorption. Drugs are rapidly 
absorbed when injected into muscular tissue. 

A drug must be soluble l>efore absorption takes place. Many drugs, 
which are apparently insoluble, are made more soluble after adminis- 
tration. For example, protamine zinc insulin, which is an insoluble 
suspension, gradually passes into solution in subcutaneous tissue, and 
absorption proceeds slowly over a long period of time. 

Vascularity at the site of drug administration is an important 
factor influencing the rate of absorption. Inadequate circulation 
greatly retards absorption. Epinephrine, incorporated in injections, 
produces vasoconstriction and thus retards absorption. On the other 
hand, hyperemia aids absorption of drugs. 

Distribution. — After absorption in the blood stream the drug passes 
into the body fluids. Certain ceils, according to their permeability and 
physical and chemical affinities, seem to attract drugs and will con- 
tain a higher concentration of that drug than do other tissues of the 
body. The digitalis glucosides are stored in much higher concentration 
in the cardiac muscle than elsewhere in the body. Ltnid is precipitated 
in bone, arsenic is stored in liver. Alcohol is fairly uniform in its 
distribution in body tissues. Sulfanilamide is an excellent example 
of a drug which is di.stributed throughout all the body fluids. 

Fate op Drugs. — After absorption in the body drugs are more or 
less changed; some are rendered less harmful while others become 
more toxic. Home are rendered more effective therapeutically, e.g., 
sulfanilamide. The changes x>roduced are eilected by oxidation, 
reduction, decomposition, hydrolysis, cumulation, or by combination 
with other substances (synthesis). 

The body employs various synthetic methods to detoxify drugs: (1) 
combination with glycocoll, e.g., benzoic acid; (2) combination with 
sulfates, e.g., phenol; (3) combination with glycuronic acid, e.g., 
sodium salicylate. The liver is the chief organ of defense against 
the abso^tion of toxic substances from the gut. It detoxifies many 
sutotances and fixes other substances which it cannot detoxify. The 
ability to fix toxic materials is one reason why large quantities of 
many poisons produce serious liver injury. The kicffieys also store, 
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excrete, and even synthesize drugs. For example, in the kidneys benzoic 
acid and glycocoll form hippuric acid. 

Excretion of Drugs. — ^’lie most common methods of removal of 
drugs are by excretion through the urine and feces, and with volatile 
drugs through the lungs. Excretion, like absorption, is usually more 
rapid with volatile and difTusiblc substances and with substances 
soluble in water. However, the specific chemical nature and affinity 
of the drug greatly influence rate of excretion. Drugs are excreted 
either unchanged or as simpler chemical compounds or in combination 
with some products of the organism. For example, ether is excreted 
by the lungs apparently unchanged. In the saliva are excreted small 
amounts of mercury, iodides, lead, potassium, menthol, morphine, 
quinine, etc. Morphine is excreted chiefly by the stomach and intes- 
tines; strychnine is excreted in the urine. Iodides, bromides, borates, 
phenol, salicylates, antipyriiie, arsenic, mercury are some of the drugs 
excreted by sweat. The rapidity of excretion is proportional to the 
circulation and to the functional activity of the excretory organs, but 
may be modified by factors which affect these organs. 

Many organic substances, such as alcohol, chloroform, and 
methenarnine, pass to the ccnhrospinal fluid and occur there in about 
the same concentration as foun<l in scrum. Inorganic substances are 
found in only minute quantities. 

The following more important drugs have been demonstrated as 
passing to the fetus: chloroform, ether, carbon monoxide, atropine, 
morphine, scopolamine, chloral, quinine, benzoic acid, alcohol, nitrate, 
urea, arsenic, mercury, potassium iodide, and potassium bromide. 
Colloidal materials do not pass through the placenta into the fetal cir- 
culation. 

MECHANISMS OF DRUO ACTION 

No ready explanation is available to enlighten us on the manner 
in which many drugs exert their actions. Obviously, f«ome drugs may 
exert their effects on a physical basis, e.g., the action of bismuth 
subcarbonato given in diarrhea coal.s the mucous membrane of the 
bowel and soothes and ]»rotects it. Drugs may act chemically, e.g., 
neutralization of gastric, acidity by sodium carbonate. The efficacy 
of mercuric chloride as an antiseptic lies in the ability of the mercuric 
Lon to precipitate the bacterial protein. 

Many drugs are active by virtue of their ability to interfere with 
some metabolic process essential to the normal activity of the cell. 
It is now known that many chemicals, such as the sulfonamide drugs, 
act by interfering with useful metabolites, particularly vitamins, 
through competition involving similarity of chemical structure. Ephe- 
driiio inhibits the destruction of S3mipathiii by combining with the 
enzyme ami in* oxidase. 

Certain drugs exert their action by suppljdng an essential cell 
constituent, e.g., vitamins, hormones, minerals, and others. Of great 
significance is the fact that certain sjmthetic compounds can sub- 
stitute for natural ones in the body, such as diethjdstilbestrol, 
menadione and methaoholine. 

Many theories have been advanced to explain the mechanism of 
other and other drugs on tlie central nervous system — none are satisfac- 
tory. Wo do not know how digitalis stimulates the fibers of the heart 
nor why pilocarpine has an affinity for secretory nerve endings. 

Most of the current theories regarding the mechanism of drug action 
involve surface phenomena, including surface tension, polarity template 
effects, blocking effects, and competitive effect involving essential 
metabolites in complicated enzyme systems. Unfortunately space will 
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not permit an exhaustive review of these studies, and probably such 
information would be of little practical value to the average practi- 
tioner. 

An important point for the physician to remember is that drugs pro- 
duce their activity on the living organism by increasing or decreasing 
one or more functions. A drug tends to affect the extent of a celHs 
activity quantitatively but not qualitatively. Thus no drug can cause 
a salivary gland or a mammary gland to secrete gastric juice, the only 
effect being either to stimulate or to depress their normal activity. The 
degree to which drugs stimulate or depress can be controlled by dosage. 
The physician should always aim to secure from medication the degree 
of stimulation or depression that the circumstances warrant. No drug 
should be administered unless there exists a clearly defined physiological 
need for the specific action that that particular drug will produce. 

Selective Action of Drugs. — The action of drugs is greater on 
some tissues than on others. Thus, some act on the heart only, others 
on the central nervous system, while others act on the terminations 
of motor nerves of muscles. This difference may be quantitative, 
but in some instances may be specific, e.g., a drug may have a power- 
ful action on the brain but may have no effect on the heart. A drug 
may act entirely different on various structures. For example, 
atropine stimulates the brain but it depresses certain nerve endings; 
curare stimulates the spinal cord but paralyzes motor nerve endings. 

Our present knowledge offers no explanation for the highly selective 
action which characterizes many of our important drugs. Because of 
this selective action^’ it is often possible to treat one tissue without 
interfering with the function of others. 

The complexity of the reactions taking place in cells is described in 
the following words by Sollinann: 

^‘The living cell may be considered a very complex laboratory, where 
chemic decomposition and syntheses, reductions and oxidations, etc., are 
constantly going on. These chemic changes lead to transformations of 
energy which find expression in the phenomena of life. The vital 
manifestations of the cells are, therefore, inseparably connected with 
physicochemical transformations, which require for their occurrence the 
existence of certain chemic and physic conditions. The chemic es- 
sentials arc: the presence of substances capable of liberating energy, 
and the conditions suitable for their reactions, such as a proper tem- 
perature, alkalinity, presence of ferments, etc. The physical conditions 
of life are: a viscid medium, containing colloid proteins, salts, fats, and 
water. ' * 

We must conclude that the activity of drugs depends on a large 
variety of factors, and that pharmacological action cannot be completely 
explained by any one physical or chemical process. 

CONDITIONS MODIFYING DRUG ACTION 

The conditions that modify the effects of drugs on the living 
organism should be recognized by the physician and the dosage ad- 
justed accordingly. The following are some of the important condi- 
tions which modify drug action; 

1. Dose. — ^The pharmacologic response obviously tends to increase 
with the concentration of the drug, but not generally in simple 
proportion. The minimal therapeutic dose is the smallest amount which 
will produce a therapeutic effect. The maximal therapeutic dose is the 
largest amount that can be tolerated without toxic effects. * The 
therapeutic dose lies somewhere between the maximal and minimal doses. 
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2. Solubility of Drug. — Only soluble drugs can be absorbed and 
cause general action; local action of drugs may occur without ab- 
sorption. 

3. Size and Weight. — A very largo individual requires a larger 
dose than persons of average weight, while smaller individuals re- 
quire smaller doses than a person of normal weight. The proportions 
of fat and muscle should be taken into consideration. Very obese 
persons, though heavy, react usually like those of lesser weight, 
but more muscular. Fat persons may require a greater amount of 
lipoid soluble drugs than their weight would indicate. Pathological 
growths or collections of fluids do not indicate a change in dosage 
but a person so afflicted should receive an amount based on his natural 
weight. 

4. Age. — Children and the aged should receive smaller doses than 
young adults, as they are usually more susceptible to the action of 
drugs. There are, however, exceptions to this rule; for example, 
children usually require more digitalis than the dosage rules indicate, 
while older persons often react to atropine, developing a type of 
atropine psychosis. 

5. Sex. — Women generally require smaller doses than men, due 
chiefly to their smaller weight, and in part due to their dilVercnt physical 
and mental make-up. Certain drugs may have a direct or indirect in- 
fluence upon the menstrual function of the female. Pregnancy may 
necessitate a change in the dose of a drug and also alter the response 
of the female to the drug. During pregnancy and lactation great care 
should be exercised in the administration of purgatives, diuretics, and 
very active drugs. Women may respond to opium and its derivatives 
with excitement instead of depression. 

6. Idiosyncrasy to Drugs. — Idiosyncrasy means any marked in- 
dividual difference in reaction to drugs. A. F. Coca states that there 
is practically no basic difference between drug allergy and other 
forms of idiosyncrasy. The basic processes are probably similar 
or identical. 

More recently, evidence has been brought forward to indicate that 
drug idiosyncrasy may bo of an allergic, or, in some instances, that 
of a nonallergic, nature. The untoward reactions of acetylsalicylic 
acid appear to bo allergic in all instances, and a large number of the 
sulfonamide and penicillin reactions appear to be on an allergic basis. 
There is reason to believe that a variety of drug idiosyncrasies may 
depend on nonallergic factors, and in many cases some drugs may pro- 
duce both allergic and nonallergic types of toxic reactions. 

The following provisional criteria has been suggested by C. A. 
Dragstedt (1947). 

1. ‘*An allergic basis seems to be indicated when the pattern of 
the toxic reaction is consistent with that of the allergic disorders 
produced by antigenic agents. This means that reactions character- 
ized by urticaria, dermatitis, angioneurotic edema and asthma are 
probably allergic in character; that reactions characterized by 
jaundice, acute yellow atrophy of the liver and optic atrophy are 
probably not allergic, while granulocytopenia, anemia, thrombocyto- 
penia and polyneuritis may well be one or the other. 

2. ‘*An allergic basis seems to be indicated when a priming or 
sensitizing administration of the drug appears to be a factor in the 
history, while a nonallergic basis seems to be indicated when either 
long-continued administration or the use of substantial doses appear 
of major importance. 
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3. ''An allergic basis seems to be indicated when the untoward 
reactions are alleviated by epinephrine, diphenhydramine hydro- 
chloride ("benadryl hydrochloride’’ N.N.R.) and similar agents, 
whose ameliorating effects are most reasonably interpreted on the 
basis of an antiallergic effect. A nonallergic basis seems to be indi- 
cated for those reactions which are alleviated by ascorbic acid, folic 
acid, thiamine and other agents whose ameliorating effect is not 
reasonably credited to an antiallergic effect.” 

A person who is sensitive to various drugs may react to entirely 
different drugs pharmacologically with the same symptoms. A person 
allergic to one drug is likely to be sensitive to many drugs. This 
type of person is usually made worse by all forms of medication. 

Drugs may cause reactions following absorption through direct 
contact w^ith the skin, but most drugs exert their action after pene- 
tration of the tissues. The symptoms may be similar to those found 
in the common allergies, including fever, edema, skin eruptions, 
urticaria, asthma, coryza, migraine, gastrointestinal upset, and occa- 
sionally shock. Some drugs produce characteristic symptoms of their 
own W'hich aid in diagnosis. The patient’s individual make-up and 
the route of administration influence the nature of the symptoms. 

The drugs which are most liable to produce untoward reactions in- 
clude aspirin, quinine, the arsphenamines, aminopyrine, sulfa drugs, 
cinchophen, sulfur, barbiturates, sulfocyanates, iodine, and many 
more. 

There is no reliable diagnostic test for drug allergy. Skin testa 
arc unreliable, with the possible exception of plant drugs, aspirin 
and quinine. The ophthalmic test, made by instilling one two drops 
of a solution of the drug to be tested in the conjunctiva;, is more re- 
liable. The simplest treatment is to avoid the offending drug. A sub- 
stitute may be employed, but sensitization to the substitute may 
occur. Desensitization may be successful. Acute symptoms may be 
temporarily relieved by epinephrine and its relatcci compounds, 

7. Tolerance. — Tolerance is the acquisition of a relative insuscepti- 
bility to the action of a drug. This ability to endure tho continued 
or increasing use of a drug may be due to nonabsorptioi, to de- 
struction of the drug, to increased elimination, or it may Qp due to 
production of antibodies. Tolerance is, with some individuals, readily 
established for such drugs as opium, cocaine, coal tar derivatives, 
alcohol, and tobacco. 

a. Congenital tolerance is the failure of the individual to react to 
the normal dose of a drug. An example is the tolerance shown by rab- 
bits for large quantities of atropine. 

b. Acquired tolerance is a form of tolerance induced by prolonged 
use of a drug. The most familiar example of this form of tolerance 
is that acquired for tobacco (nicotine). The prolonged use of opium 
develops a tolerance for the drug. Tin.'? tolerance usually is lost if the 
drug is discontinued for some time, then upon continuing the use of the 
drug a smaller amount is sufficient to produce the same degree of action 
as was produced when use of it was stopped. Prolonged use of 
one drug may establish tolerance for others of the same clas.s. Chronic 
alcoholics are little affected by average doses of alcohol, and they are 
more resistant to ether than are ordinary persons. This action is ex- 
plained as being due to the similarity of action of alcohol and ether on 
nerve cells. 

8. Synergistic Action. — Certain drugs having the same therapeutic 
action, when given together, produce a combined effect greater than 
the summation of their individual actions. This greater combined 
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action is called synergistic action, and the drugs which act in this 
manner are called synergists. Purgatives, anesthetics, and narcotics fre- 
quently evidence synergistic effects. Several purgatives given to- 
gether may act more effectively than any one given in quantity equal to 
all of them. This may be partially explained on the basis that there is 
some difference in the type of reaction produced, thus making the 
mixture more efhcient than any one of its components. 

9. Antagonistic Action. — Some drugs when used together seem to 
have their effects partially or wholly neutralized. The drugs which 
produce this action are called antagonists and should not be prescribed 
together. Opium preparations and vegetable cathartics exert antag- 
onistic effects on the intestines, atropine neutralizes the effect of pilo- 
carpine on sweat glands, and caffeine neutralizes the depressive effects 
of morphine. In poisoning, the antagonistic action of drugs is made 
use of to prevent or neutralize toxic action. In poisoning from a de- 
pressant a stimulant should be administered. 

10. Cumulative Effect. — This is a condition characterized by sudden 
pronounced manifestations of drug action following the administra- 
tion of a number of doses of drugs over a period of time. It may 
be due to accumulation, to irregular absorption, summation of effects 
from repeated doses, or bo due to a general decrease in resistance 
or ability of the body to handle the drug. Some of the drugs which 
produce temporary cumulative action include digitalis, atropine, 
strychnine, arsenic, and iodides. 

1 1. Habituation. — IIal)ituation usually lessens the pharmacologic 
effect of drugs; however, in a few cases, e.g., cascarn, the action in- 
creases with use. In some cases the tissues become adapted to the 
presence of certain drugs and are unable to function properly with- 
out them. This condition is well illustrated in cases of opium, heroin, 
and cocaine addiction. Habituation may be functional, as suggested 
for marihuana; or it may be due to diminished absorption, as showm 
by arsenic; or the condition may be due to increased elimination, 
as with atropine; or due to increased destruction to the poison, as 
with morphine; or finally, habituation may be due to the production 
of antibodies. Habituation may be largely psychic in habit-forming 
drugs; here the nerve centers are adjusted to the action of a drug 
and when this drug is withdrawn there follow symptoms of extreme 
discomfort. 

12. Speed of Administration. — The speed or rapidity of administer- 
ing drugs may spell the difference between life and death. Any drug 
administered l)y vein should be properly diluted, and given very slowly. 
Quinine solutions, when indicated in malaria, should be administered 
very slowly and in dilute form when administered intravenously; other- 
wise they may produce a stoppage of the heart. ^Tany ill effects of 
salvarsan, following intravenous injection, are due to rapid injection. 

13. Time Element in Drug Action. — The time element plays an im- 
portant role in pharniaoological action. Taking into consideration the 
effect of both time and concentration on drug action Hubner made 
the following generalizntion.s. Ho divided drugs into three groups. 

Group I. In this group pharmacological reactions may be expressed 
by the equation: 

W = C 

W Action of drug 
C Concentration (dosage) 

T Time element 
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The drugs of this group exert their action without special reference 
to time (T). Example, — Ether: In order to induce general anes- 
thesia ether must be inhaled in a concentration which induces a delinite 
tension of the gas in the blood, sufficient for anesthesia of the brain. 
For light anesthesia the concentration of ether in the respired air must 
be 6 per cent by volume, for deep anesthesia 10.5 per cent. The action 
of ether is directly proportional to the concentration in the blood or to 
the tension of the ether vapor in the blood. 

Group II. In tliis group of drugs the action may be expressed by 
the following formula: 

W = C X T 

The toxicity of these drugs is increased in proportion to length of time 
administered. 

Example 1, Chloroform anesthesia requires a given concentration of 
gas in the respired air; general anesthesia cannot be safely maintained 
more than one hour. The action of the drug (W) is proportional to its 
concentration (C) in the blood and also is increased with the time (T) 
over which it is administered. 

Example S. Digitalis cannot be administered indefinitely. Active 
principles of digitalis form chemical combinations with the cardiac 
muscle. These combinations are slowly destroyed ; after saturation of 
the muscle additional doses produce toxic rather than therapeutic results. 

Example S. Mercurochrome 's antiseptic action is exerted over a 
long period of time because of the presence of the free drug in the deep 
stain. There is no chemical action between tissues and the drug. 

Group III.* In the third group of drugs the action may be expressed 
as follows: 



Here the time element is involved. Instead of time increasing the 
potency of the drug,Ut decreases it inversely to the length of time 
over which it is adminiflitered. 

Example 1, Arsenic may be taken in small doses producing habitua- 
tion, but large doses are required to produce a pharmacological effect. 

Example t. Iodine, as an antiseptic, is powerful at first, but its 
bactericidal effects rapidly diminish. The decreased action is inversely 
proportional to the time elapsing after it is administered. 

14. Boute of Administration, — ^The glucoside amygdalin, given by 
injection, produces no harmful effects; when it is administered orally 
(in the rabbit), the glucoside is hydrolysed, setting free hydrocyanic 
acid which usually causes death. 

Magnesiuin sulfate, administered orally, if a useful saline cathartic; 
given by vein, or even subcutaneously, thefe is produced a powerful 
depression of the central nervous system. 

It is important to remember that the route of administration pro- 
foundly modifies the dose effect. Absorption is sloyr through the 
skin and most rapid when the drug is given by vein. 

15. The Subject to Which a Drug Is Administered. — The student of 
pharmacology must learn that data obtained from animals cannot be 
applied, without reservation, to man. For example, a rat and mouse 
react differently to morphine; a toad is more resistant to digitalis 
than a frog. Organs may vary in their response to drugs; epinephrine 
produces contraction of most blood ves.«els but dilates the coronary 
vessels. 
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Racial differences influence drug action, e.g., castor oil is used as a 
food in China; ephedrine dilates the pupil of the yellow race but the 
mydriasis produced is slight in the white race. Animals react dif- 
ferently to drugs; e.g., a rabbit requires 50 times as much morphine 
to produce poisoning as is required for a man; a goat is resistant to 
nicotine; a hedgehog is resistant to snake venom and even hydrocyanic 
acid. These drugs are lethal for most warm-blooded animals. 

16. Temperature. — Temperature influences drug action, the effect of 
most drugs being more intense at higher temperatures. Kassa found 
that he could inject cyanides into a rabbit’s ear with no ill effects at 
low temperatures, but poisoning resulted at warm temperatures. 
Pigeons, when cold, are little affected by morphine and apomorphine, but 
vomit when brought to a warmer temperature. Colchicine is not poison- 
ous to a frog kept on ice, but poisons the frog when the animal is 
brought to a warm, dark room. This is due to the formation of 
oxydicolchicine. Purgatives act more effectively in hot weather. Anti- 
pyretics tend to reduce the temperature of the body in fevers, while 
under normal conditions they are usually ineffective. 

17. Bacteria and Enzymes. — An important role may be played by 
bacteria and enzymes. Bismuth poisoning may result from bacteria 
or enzymes acting on the insoluble salts, forming toxic soluble bismuth 
compounds. 

18. Disease and Pathological Conditions. — Disease and its associated 
symptoms are often important factors in determining the dose of a 
medicine, and the frequency of its administration. For example, if 
the routes of excretion are altered by disease the repetition of the dose 
need only be at comparatively long intervals. Rc.sponse to drug action 
in the diseased state is variable. Bromides lessen nervous* irritability 
in epilepsy to a greater extent than they do in the normal state. 
Quinine is tolerated in much greater doses in the presence of malaria 
than in the absence of this disease. Morphine is tolerated well in condi- 
tions of extreme pain. Digitalis will exhibit benefleial properties for the 
myocardial muscle only when the heart muscle is abnormal, e.g., in the 
weakened heart, arrhythmia, etc. 

In Conclusion : Probably of the above conditions the most important 
factors modifying drug action are dosage, ratio of drug absorption to 
rate of excretion (or destruction), the physical-chemical properties of 
drugs, and the individual response to the drug administered. Leake 
(1948) has suggested the following formula to show’ the relationship 
of these factors to the intensity of drug action. 

I = (f) d£^,p.s. 

r L 

1 ” intensity of drug action 
D ™ dosage (mg. drug per Kg. body weight) 
rA ™ rate of absorption 
rE “ rate of excretion 
P ~ physical -chemical properties of drug 
S = individual response (or idiosyncrasies) to drug 
by patient 

What You Should Know About Drugs 

In the treatment of disease the diagnosis comes first, then the de- 
cision by the physician regarding what drug should be administered 
to bring about the desired results in the patient. Drugs are the most 
useful and effective therapeutic measures at the physician’s command. 



32 MATERIA MEDICA, TOXICOEOGY, AND l^HARMACOLOGY 


The physician must remember, however, that in order to secure success 
with a drug — the remedy must be properly indicated^ the preparation 
selected must be active, and an effective therapeutic dose must be ad- 
ministered. 

A matter of prime importance in the use of drugs in medicine is to 
weigh the hazards of the drug against the liazards of the disease. The 
physician should, of course, know in advance what symptoms my appear 
in case of toxic action and be prepared to treat them promptly. 

In order to select and administer a drug wisely the pliysicmn should 
know the following: 

The names of drugs and their preparations. 

The active constituents. 

Solubilities and incompatibilities. 

Dosage. 

The Pharmacological Action: 

How the drugs act. 

Toxicology: 

Symptoms of poisoning. 

Treatment of poisoning. 

Practical Application (Therapeutics) : 

Indications for use. 

What drug to use. 

How much and how to administer the drug. 

When to stop the drug. 

Contraindications. 

When not to use the drug. 

How to write prescriptions. 
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CHAPTER 11 


MATERIA MEDICA 

Materia Medica. — Drug remedies are known collectively as the 
‘'materia medica'* or medical materials. Materia medica is a science 
which deals with the study of sources, constituents, physical and 
chemical characteristics, preparations, and dosage of medical ma- 
terials. This subject is studied in more detail in courses in pharmacy 
but a knowledge of the essential features is of importance to students 
of medicine. 

Galenical Preparations, These are medicines prepared according to 
the formulas of Galen. The term is now used to denote standard 
preparations containing one or several organic ingredients made by 
physical, as distinguished from chemical, means, such as tinctures, in- 
fusions, etc. 

Proprietary Drugs, “Any chemical, drug, or similar preparation used 
in the treatment of disease, if such article is protected against free 
competition as to name, product, composition, or process of manu- 
facture by secrecy, patent, or copyright, or by any other means." 

(A.M.A.) 

Patent Medicines, These are proprietary drugs tlnit are advertised 
to the laity. 

Official Drugs. Drugs and preparations which are found in the 
current U.S.P. or the N.F. are spoken of as “official." 

The student of medicine should become familiar with and consult 
regularly the following publications: 

The United States Pharmacopoeia ^ U.S.P. This publication is con- 
trolled by the United States Pharmacopoeial Convention, which is in- 
corporated under the laws of the Dij^trict of Columbia for the purpose 
of issuing the Pharmacopoeia. The U.S.P. Convention consists of dele- 
gated members from colleges of medicine and pharmacy and incor- 
porated medical, dental, and pharmaceutical organizations. 

The object and scope of the Pharmacopoeia is sot forth in the fol- 
lowing quotation from the U.S.P.: 

“The object of the Pharmacopoeia is to provide standards for drugs 
and medicines of therapeutic usefulness or pharmaceutical necessity, 
sufficiently used in medical practice within the United States or its 
possessions; to lay down tests for the identity, quality, and purity of 
these; to insure, so far as practicable, uniformity in physical properties 
and active con.«!tituent9. " 

The first U.S.P. was published in 1820. The thirteenth edition be- 
came official on April 1, 1947. The Pharmacopoeia is recognized in 
courts of law as being the ultimate standard reference for those drugs 
that are listed in it. The thirteenth edition lists English names for 
drugs and the metric system for dosages giving jireference over Latin 
names and the apothecaries' system. This book has hoen revised and 
issued every ten years under the supervision of a national committee. 
Under the present policy revision will take place at five-year intervals. 
Supplements will be published from time to time to include new prepara- 
tions. 

The British Pharmacopoeia, B.P. was first published in London in 
1864. It is now in the sixth edition (1932) with seven supplements 
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covering recent changes. This pharmacopoeia is published by the 
General Medical Council and resembles the U.S.P. 

The United States Dispensatory (U.S.D.) was first published in 1833. 
It is a nonofficial compilation and includes all items in the U.S.P., N.F., 
and B.P., as well as many nonofficial drugs. The U.S.D. is now in its 
twenty-fourth edition. 

The National Formulary JNT.F., eighth edition. Prepared by the 
Committee on National Formulary. Authority of the American Pharma* 
ceutical Association. Official April 1, 1947. Published by the American 
Plmrmaeoutical Association, Washington, D. C. 

The book gives complete information on many drugs, chemicals, and 
preparations used in the practice of medicine. The exact composition, 
method of preparation, description, and average dosage for each prepara- 
tion are given. 

The second part of the book contains much valuable information con- 
cerning reagents and preparations used in clinical laboratories. Stain- 
ing solutions, test solutions, and special techniques will also be found. 

The National Formulary, in addition to being indispensable to the 
pharmacist, will be of much value to many physicians and should find 
a place in the modern medical library. Originally, the N.F. had no 
legal standing, but the Food and Drug Act of 1906 and the Food, Drug 
and Cosmetic Act of 1938 gave the N.F. the same ollicial standing as 
the U.8.P. 

New and Nonofficial Remedies, N.N.R. This is a book containing a 
description (action, uses, standards) of proprietary articles which have 
been found acceptable by the Council on Pharmacy and Chemistry of the 
American Medical Association. This book is an excellent guide to new 
therapeutic discoveries. If after a few years the value of the remedy 
is proved, it may be included in the Pharmacopoeia; if, on the other 
hand, such value is not shown, the remedy may be dropped from the 
book (N.N.R.) . It is issued annually. 

Accepted Dental 'Remedies, A.D.R., is a book similar to N.N.R., com- 
piled by the Council on Dental Therapeutics of the American Dental 
Association. It contains items properly maiiutactured and truthfully 
advertised. 

Useful Drufjs, This is a small book i.^.'sued by the American Medical 
Association which contains only the most useful drugs with information 
of special interest to physicians. It contains a select number of prep- 
arations from the IT.S.P., N.F., and N.N.R. It may be of interest to 
know that no advertising in any of the Americjin Medical Association’s 
Journals is permitted for nonac.cepted products. 

Epitome of the U.S.P. and N.F. This small book is also prepared by 
the American Medical Association. It gives a brief abstract of all 
U.S.P. and N.F. preparations. 

Source of Drugs 

Drugs are derived from the mineral, vegetable, and animal kingdoms. 
Recently many drugs have been synthesized. The ones derived from 
the mineral kingdom are known as inorganic drugs; those derived 
from vegetable and animal sources are organic drugs. There are more 
than 3,500 known inorganic drugs and more than 350,000 known 
organic preparations. It requires a very fine sense of discrimination 
on the part of the teacher to select the best therapeutic agents from 
this superabundance of drugs to present to his students. 
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A. Vegetable. — The active principles of plants form a large porlion 
of our drugs. The following are the most important plant parts used 
for the manufacture of drugs: 

1. Root (Radix), — The underground aclilorophyllous part, devoid of 
leaves (rhubarb, belladonna), yome roots are tuberous, being swollen 
with reserve material (aconite, glycyrrhiza, jalap). 

2. Bulb. — A modified stem with many thick and crowded overlapping 
leaves (onion, squill). 

3. CoRM. — A thickened fleshy underground stem (colchicum). 

4. Wood (Lignum). — The wood of trees (quassia, sandalwood, hema- 
toxylon). 

5. Rhizome. — A n underground stem which bears leaves, buds, and 
roots (podophyllum, ginger, hydrastis, aspidium). 

(>. Bark (Cortex ). — The outer protective layer of the stem (cinchona, 
ciiscara, wild cherry). The outer layer of the root (sassafras, cotton- 
root) ; the inner bark ((Vylon cinnamon, elm). 

7. Leaves (Folia). — Digitalis, belladonna, senna, hamamelis. 

8. Flowers (Flores). — Chamomile, arnica. Unexpanded flowers are 
cloves, santonica. 

9. Fruit (Fructus). — Produced by the fertilized and ripened ovary 
(pepper, coloc^mth, anise). 

10. Seed (Semen). — 1’he essential part of the fruit (nux vomica, 
strophanthin, pliysostigminc, linseed, theobromine). 

B. Animal. — Drugs from animal sources are rapidly becoming of 
great importance in therapeutics. The endocrine glands are utilized 
for the preparation of insulin, pituitrin, adrenalin, pitocin, pitressin. 
theclin, and many more drugs of practical value to the medical 
profes.sion. 

Vaccines, sera, and vitamins are obtained from animal sources. 
Plants are considered the origin of most vitamins. Penicillin and other 
raicrobiotic agents are produced by bacteria and fungi. 

C. Inorganic. — This group includes the metals, the metalloids, and 
nonmetals, together wdth many of their compounds. 

D. Synthetic. — This group is large and contains an ever-increasing 
number of products of both an organic and an inorganic nature. New 
and Nonofl5cial Remedies contains a discussion of a great number of new 
synthetic compounds, including such compounds as thyroxin, diodrast. 
ipral, bute.sin, metycaine, vitamins, antithyroid drugs, and the sulfa 
drugs. 

Composition of Drugs 

Plants contain a great variety of substances of complex and often 
unknown composition. The important constituents may be classified 
as follows: 

Alkaloids. — Among the most important of organic compounds em- 
ployed in medicine are the alkaloids. They are found in almost all 
parts of plants, but in greatest abundance in the seeds and roots. These 
compounds are complex, basic nitrogenous organic compounds. Most of 
them are derived from plants but a are animal product.s. They 
are relatively insoluble in water but soluble in ether, chloroform and 
similar organic solvents. Alkaloids are characterized by a bitter 
taste, optical activity, and marked physiological or toxic properties. 
They are precipitated by alkaloidal reagents; the more common of 
these agents are tannic acid, picric acid, phosphotungstic acid, and 
mercuric chloride in potassium iodide (Mayer’s reagent). 
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It must be remembered that many of the alkaloidal compounds are 
deadly poisons. In prescribing alkaloids, it is well to remember that 
tlie free alkaloids are relatively insoluble in water, while, in contrast, 
the salts are soluble in water. 

The chemical constitution of alkaloids varies greatly. The greater 
number of alkaloids are fairly complex derivatives of pyridine 
(coniine, nicotine) ; pyrrolidin (cocaine, atropine) ; quinoline (quinine, 
cinchonine) ; isoquinoline (hydrastine, narcotine, cotarnine, berberine) ; 
phenanthrene (morphine, codeine, thebaine). 

Glycosides. — Next in importance to the alkaloids, among the 
vegetable drugs, rank the glycosides. These are combinations of 
sugars (usually glucose) with other substances, frequently phenols. 
They may be hydrolyzed by acid.s or certain enzymes into sugar and 
other substances. The two glycosides, amygdalin and sinigrin, which 
are almost inert pharmacologically, are of importance because of their 
f)roducts of deconi])osition. 

Amygdalin, with its enzyme emulsin, occurs in bitter almonds, peach 
pits, and wild-cherry bark. In the presence of water the enzyme splits 
amygdalin into glucose, hydrocyanic acid, and benzaldehyde. A mixture 
of hydrocyanic acid and benzaldehyde constitutes the volatile ^‘oil of 
bitter almond.'^ 

Sinigrin, with its enzyme niyrosin. occurs in black mustard seed. In 
the presence of moisture the enzyme hydrolyzes sinigrin, yielding glucose, 
potus.sium bi.sulfate and allyl-i.sothiocyanate (volatile oil of mustard). 

Starch. — This carbohydrate i.s an i.somer of cellulose and possesses 
the empirical formula It occurs in the form of small 

characteristic granules within the chloroplasts of plant cells. Corn- 
starch (ainylum) is commonly u.sed in medicine. 

Sugars. — Sugars are found widespread in the plant kingdom. They 
are .soluble in ^vater and alcohol, are optically active, and some have 
the power of reducing Fehling\s solution. The most important are: 
glucose (dextrose) and levulose (fructo8e^- maltose and 

saccharose, 

Gums. — These are amorphous, colloidal, complex carbohydrates of 
the formula (CJIj^Oj),,. Some are .soluble in water, while others swell 
to a jelly in it; they are insoluble in alcohol. They are formed in the 
plant by transformation of cellulose and cell contents, e.specially after 
pathological changes. They generally occur naturally in combination 
with calcium, magnc.sium, or potas.sium; they have no poisonous action 
but form a protective covering for iiritated plant surfaces. 

Cellulose. — This carbohydrate is found in the cell walls. It is 
insoluble in the ordinary solvent.s. The chemical formula is (CJI,ftOJ„. 
Tt may be modified to form cork and wood or hydrolyzed and modified 
to form gum or pectin. Pectin is a therapeutic agent of importance. 

Tannins. — Some Inniiins are glyco.sides which on hydrolysis yield 
glucose and tannic acid. The.se are a clas.s of phenol derivatives 
characterized by a bluish or greenish color which they give to ferric salts, 
and by their bitter taste. They precipitate alkaloids, mercuric 
chloride, proteins, and gelatin. They occur chiefly in the barks of 
trees, and in plant-galls which result from the punctures of insects. 
The various tannins are named according to their source, c.g., cincho- 
tannic acid, kinotannic acid, etc. The U.R.P. tannic acid is derived 
from oak-gulls. 

Saponins. — Those are neutral, nonnitrogenous substances charac- 
terized by foaming with water, emulsifying oils, and the laking of red 
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blood cells. They are of wide occurrence. Some are very toxic and 
are called sapotoxins. 

Resins. — Those constitute a heterogeneous group characterized by 
their insolubility in water, solubility in alcohol and most fat solvents, 
and solubility in alkalies. Common rosin, and the resins of guaiac, 
jalap, podophyllum and iporaoea are well-known resins. 

Oleoresins. — These are neutrjil plant exudates which contain both 
oil and resin. Balsam of copaiba, Canada balsam, and crude turpen- 
tine are examples. 

Gum-Besins. — These compounds are generally oleoresins in natural 
admixture w’ith gum. Asal'etida and gamboge are examples. 

Balsams. — These compounds are resinous or oleorcsinous exudates 
which contain benzoic or cinnamic acid or both. Benzoin, storax, 
balsam of Tolu, and balsam of Peru are examples. 

Volatile Oils (Essential Oils). — These are volatile, alcohol-soluble, 
odorous principles found in plants. Chemically they are mixtures of 
esters, aldehydes, alcohols, ketones, and terpencs. 

Fats and Fixed Oils. — Fats (esters of fatty acids and glycerin) 
are found abundantly in seeds. They are insoluble in water, sparingly 
soluble in alcohol, and freely soluble in fat solvents. 

Waxes. — These compounds are esters of fatty acids with alcohols 
other than glycerin. They are solid substances with solubility 
characteristics of fats. 

Proteins. — These compounds are found in all the plant cells. The 
proteins found in crude drugs are chiefly albuminous in nature. A 
few of the plant proteins, such as ricin from castor-oil seeds, and crotin 
from croton oil, are toxic. 

Cbloropliyll. — This is the green pigment of leaves; it is insoluble 
in water, but soluble in alcohol and in fat solvents. It is allied to 
hemoglobin but contains no iron. Chlorophyll is claimed to have certain 
local healing properties. 

Enzymes. — A few enzymes obtained from plants are used in 
medicine. Papain is a digestive ferment obtained from the juice of 
the fruit of the papaw, Carica papaya. 

Organic Acids. — The common organic acids include citric acid de- 
rived from citrus fruits, tartaric acid from grapes, and salicylic acid 
from willow bark. 


Pharmaceutical Processes 

Different methods are employed in preparing pharmaceutical products, 
depending on the character of the crude drug and upon the type of 
preparation desired. The following processes are commonly em- 
ployed: 

A. Preliminary Treatment. — It is usually necessary to dry the crude 
drug after collection. The material may be cut into smaller pieces 
and dried at about 35® to 40® C. A higher temperature may be in- 
jurious to some of the ingredients. After drying, the plant is ground 
to a powder. Pounders are classified as to fineness by sifting through 
sieves of different sizes and meshes, thus: 

No. 80 mesh: very fine — 80 meshes to the linear inch; 

No. 60 mesh : line — 00 meshes to the linear inch ; 

No. 40 mesh: moderately coarse — 40 meshes to the linear inch; 

No. 20 mesh: coarse — 20 meshes to the linear inch. 
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For example, digitalis leaves are usually ground and sifted through a 
No. 60 sieve preparatory to percolating; however, for manufacturing 
digitalis tablets tlie i)owder should bo fine enough to pass through a No. 
80 or No. 100 mesh sieve. 

B. Separation Processes. — The desired ingredients are separated 
from the inert material by three common processes: 

1. Heat. — If the constituents are volatile they may be separated 
by distillation. Distillation may be used to separate a volatile from a 
less volatile constituent. Fractional distillation may bo used to separate 
mixtures of liquids of dilTerent boiling points. Evaporation may be 
used to remove the solvent from a solution, thus leaving a concentrated 
product. Sublimation may be used to separate a volatile from a non- 
volatile solid. 

2. Action op Solvent. — 

Solution. — Various solvents may be employed to remove the desired 
active ingredients from the insoluble inert material. The object is to 
dissolve the greatest possible amount of active ingredients with the 
least possible menstruum. The most important pharmaceutical solvents 
are: 

Alcohol: Alkaloids (salts), resins, volatile oils, glucosides, and 

neutral principles. 

Water or Glycerin: Acids, alkalies, salts, sugars, gums, glucosides, 
and tannins. 

Ether f Chloroform^ or Acetone: Free alkaloids, neutral principles, 
resins, fats, volatile and fixed oils. 

Dilute Acetic Acid: Alkaloids. 

Petroleum Benzine: Free alkaloids, fats, volatile and fixed oils, and 
neutral principles. 

Maceration consists in leaving the solvent in contact with the drug 
for a sufficient length of time to extract the desired substances. 

Percolation consists in passing a solvent through a thick layer of 
powder in order to remove the soluble constituents. This is carried out 
by j)acking a tall vessel (percolator) with a hole in the bottom with the 
powder to be extracted, and then allowing the solvent to pass slowly 
through it. 

Precipitation consists in the deposition of solids from their solvents 
by either physical or chemical means, 

3. Mechanical ^Ieans. — Expression is the process of separating a 
liquid from a solid by pressure. Coarse solid particles may be separated 
from a liquid by straining. The process of filtration may be employed 
to separate insoluble particles from a liquid by pouring it through a 
finely porous material such as filter paper. Colloidal substances may 
be purified by dialysis. 


Standardization of Drugs 

After the active constituents have been removed from the crude 
drugs they must be standardized in order to be certain of uniformity 
of clinical response to the same doso of a drug. 

When the active principles of crude drugs were^isolated in chem- 
ically pure form, a great advance was possible in standardization, 
since now the crystalline substance could be made to conform to 
specific chemical standards. A more exact relationship between 
dosage and cfTcct thus became possible. 

In most cases the strength of a preparation may be determined by 
chemical methods, but in some cases biological means must be em- 
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ployed. The strength of unknown drugs or drug extracts is de- 
termined by pharmaceutical (chemical) or pharmacological (bio- 
logical) assaying. 

Pbarmaceutical or Chemical Assays. — The chemical assay consists 
of the assaying of inorganic drugs, oils, alkaloids, organic drugs, 
etc. The assay of inorganic drugs involves the standard quantitative 
methods of analysis. The Pharmacopoeia furnishes methods for 
quantitative analysis, special tests to determine harmful substances, 
and methods for determining the possible limits of impurities. For 
example, thyroid should contain not less than 0.17 per cent and not 
more than 0.23 per cent of iodine in thyroid combination, and must be 
free from iodine other than that peculiar to the thyroid gland; nux 
vomica not less than 1.15 per cent of strychnine, to conform with 
the United States Pharmacopoeia for an official (Irug. P\atty sub- 
stances are analyzed chiefly for iodine number, saponification num- 
ber, etc., in order to identify and to test for adulteration. 

With some of the more complex synthetic drugs such as the arsphen- 
amines and arsenoxides, only government licenst^es may manufacture 
the drugs. After manufacture, sample lots are tested for toxicity by 
the National Institute of Health. 

Pharmacological or Biological Assays (Bio-assays). — Biological as- 
saying, or determining the strength of a preparation by its effect on 
living animals or tissues, is resorted to for certain drugs whose con- 
stituents are insufficiently known, cannot be isolated quantitatively, 
and cannot bo estimated by chemical means. 

Biological assay was first introduced to measure the activity of 
drugs, such as digitalis, whose active principles could not be measured 
by chemical means. It involves difficult technic and is expensive, there 
fore it is employed only when absolutely necessary. The strength 
of the crude drug which is bio-assayed is usually expressed in 
units. Most official drugs have legally required methods of assay, and 
units which are universally recognized. Unfortunately, some of the 
newer preparations, notably certain endocrinos, liave no specified 
methods of assay or universally accepted units. 

For biological assay, animals (frogs, cats, dog.**, rodents, etc.) of 
approximately the same size are used. The object is to compare 
quantitatively the physiological effect of a known quantity of a 
standard preparation with a known amount of tlic unknown prepara- 
tion on a similar animal or number of animals. 

Reference Standards have been provided by the Pharmacopoeia 
as a basis for comparison for official assays. The following are 
supplied by the Food and Drug Administration of the U. S. Dept, 
of Agriculture, Washington, D. C.: Cod Liver Oil, standardized 
for vitamin A potency; Cod Liver Oil, standardized for its vitamin 
D potency; Ascorbic Acid; Cholic Acids; Digitalis; Epinephrine; 
Ergotoxine Ethanesulfonate; Estrone; Zinc-Insulin Crystals; Mena- 
dione; Nicotinic Acid; Ouabain; Po.sterior Pituitary; Kiboflavin; 
Sulfanilamide; Thiamine Hydrochloride; Trypsin, etc. 

Since standard preparations are not available for some substances 
such as parathyroid hormone and antipernicious anemia preparations, 
their strength is determined by the amount of material required to 
give a certain physiologic response. 

Pharmaceutical Preparations 

Pharmaceutical preparations are the prepared forms into which 
drugs are made for medicinal administration. Most drugs need to be 
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prepared in a form suitable for administration, since in their natural 
form tliey are often unsafe, distasteful, and ])ulky. It is therefore the 
task of the pharmacist, and more recently of the large pharmaceutical 
laboratories, to prepare drugs for administration. They endeavor 
to prepare the drugs in such a manner as to improve their taste, to 
secure their full physiological activity, and to render them safe and 
easy to administer. This accounts for the tinctures, extracts, oint- 
ments, etc. These preparations are made according to ** official* in- 
struction found in the U.S.P. and N.F. in order to secure uniformity 
in strengths and activities. Pure chemicals, such as calomel, sodium 
salicylate, etc., may need only to be incorporated in a tablet or pill or 
to be made into a solution. 

It is not expected that a student of medicine be informed in the 
details of pharmacy; it is essential, however, that he he familiar with 
the preparations he prescribes. 

Classes of Pharmaceutical Preparations 

A. Aqueous Preparations. — These preparations have the advantage 
that water is a cheap and universal solvent and has no therapeutic 
activity. Aqueous preparations have* a leinlency to spoil due to bac- 
teria. 

Waters, aquae, are aqueous solutions of volatile substances, usually 
volatile oils. Two classes are found in the U.S.P. : Aromatic waters are 
prepared either by distilling the plant or oil with water, or by triturating 
the oil with an adsorbent substance (talc, etc.), then extracting with 
water. Their doses are large. It is well to remember that the volatile 
substance may be thrown out when some soluble inorganic salts are 
added. Waters of the second class are prepared by passing ammonia gas 
into water. Their doses are small. Aromatic waters have a pleasant 
taste, no therapeutic properties, and are used chiefly as vehicles. The 
N.P. and the U.S.P. recognize numerous waters. Two of the most com- 
mon IT.S.P. waters arc Peppermint Water and Cinnamon Water. 

Solutions, liquokes, are aqueous solutions of nonvolatile substances 
made either by dissolving the pure salt directly in water, or more often 
by chemical decomposition. The oflicial .solutions may be administered as 
such, or with other aqueous preparations and water-soluble substances. 
The N.F. and U.8.P. recognize many solutions. Inver Solution and 
Epinephrine Solution are examples of U.S.P. solutions. 

Decoctions, decocta, are solutions ot* vegetable principles, which are 
obtained by boiling parts of plants in water. Tliey are usually 5 per 
cent in strength. The decoctions may be given alone or in combination 
with various aqueous preparations. They should always be prepared 
fresh. The dose of nontoxic decoctions lies between 15 and 120 cc. The 
U.S.P. and the N.F. recognize no decoctions. 

Infusions, infusa, are solutions obtained by soaking parts of plants 
in hot or cold water. They are usually of 5 per cent strength. Like 
decoctions, they spoil quickly, and must be prepared fresh. The dose of 
nontoxic infusions lies between 8 and 120 cc. The N.F. recognizes a few 
infusions, the U.S.P. none. 

Mixtures, misturae, are liquid preparations in which substances in- 
soluble or partly soluble in water are suspended by means of gums, and 
other similar substances. They usually contain sugar or syrup. 
The official mixtures can be combined with a wide range of drugs 
and preparations; alcohol, however, would have a tendency to precipitate 
gums. The N.P. and U.»S.P. recognize few mixtures. Chalk Mixture is a 
U.S.P. preparation. 
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Emulsions, emulsa, are aqueous preparations formed by suspending 
oils ill water by means of gums or other viscid bodies. They are made 
by two methods. Continental Method: Triturate the acacia with oil, 
add water all at once. English Method: Dissolve acacia in water, 
add small quantities of oil and water to mucilage until all is emulsified. 
Four parts oil, 2 parts water, 1 part acacia forms the nucleus of all cod- 
liver oil emulsions. Emulsions usually should be administered alone; 
certain drugs, however, such as medicated syrups and various water- 
soluble drugs, may be administered with them. Since they naturally 
contain acacia, alcohol should not be added, as alcohol precipitates gum 
and will destroy the emulsion. The U.S.P. and N.F. recognize but few 
emulsions. Examples: Cod Liver Oil Emulsion, U.S.P. ; and Turpen- 
tine Oil Emulsion, N.F. 

Mucilages, mucilagines, are aqueous solutions of gums, starches, or 
other colloid-like bodies. They are made by either the hot or cold 
process: the former being solution by heat, the latter by percolation. 
They are used as vehicles and demulcents. The mucilages are suitable 
for water-soluble sub.stances, and, owing to their vi.scosity, are frequently 
used in the preparations of emulsions and suspensions. Few mucilages 
are official. There are two U.S.P. mucilages, Acacia Mucilage and 
Tragacanth Mucilage. 

Syrups, syrupi, are concentrated solutions of sugar and water w’ith or 
without the addition of active medicaments. Syrups are usually pre- 
pared by first making an infusion, either by heat or by percolation, and 
then adding sugar. In special cases modifications may be introduced. 
Some syrups are prepared by mixing a fluidextract with simple syrup. 
Syrups are u.sed as vehicles, pre.servative.s, and as s>veetening agents. 
The dose of flavoring syrups is practically unlimited. The N.F. and 
U.S.P. recognize a large number of syrups. Two common U.S.P. syrups 
are Citric Acid Syrup and Orange Syrup. 

Lotions, lotiones, are aqueous liquid preparations (solutions or mix- 
tures) intended for local applications without friction or rubbing. Two 
common N.F. lotions are Phenolated Calamine Lotion and White Lotion. 
The U.S.P. recognizes Calamine Lotion. 

Magmas, maomata, are aqueous suspensions of insoluble or nearly 
insoluble substances. The N.F. and U.S.P. recognize few magmas. 
The U.S.P. recognizes Magnesia Magma. 

B. Alcoholic Preparations. — Alcohol acts as a solvent for volatile oils, 
resins, and alkaloids. Alcohol is a good preservative. The pharmaco- 
logical action and its incompatibility with aqueous solutions (gums, 
albumin, and some inorganic salts) must be kept in mind in prescrib- 
ing these preparations. 

Spirits, spiritus, are alcoholic solutions of either gaseous, liquid, or 
solid volatile bodies. They are prepared by simple or chemical solution 
or by distillation. While there is no uniform strength for spirits, they 
are usually about 5 to 10 per cent. The spirits are generally not used 
as such, but are added to other preparations as flavoring agents. 
The volatile substance is thrown out of solution by water in most of 
the official spirits except those of nitrous ether and ammonia. Their 
dosage is 1 to 2 cc. The N.F. and U.S.P. each recognize about a dozen 
spirits. Two common U.S.P. spirits are Peppermint Spirit and 
Aromatic Ammonia Spirit. 

Elixirs, elixiria, are sweetened alcoholic aromatic preparations often 
containing small amounts of medicinal substances. There are two 
classes: (1) pleasant elixirs, such as aromatic elixir and elixir of 
glycyrrhiza; and (2) medicated elixirs, containing one or more active 
ingredients. The former are used as flavoring vehicles. The medicated 
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elixirs are usually used alone for the administration of organic and 
inorganic salts, including the alkaloids. Their alcohol content is about 
25 per cent. The N.F. recognizes a large number of elixirs. Aromatic 
Elixir and Phcnobarbital TOlixir are U.S.P. preparations. 

Tincturkr, tinctukak, are alcoholic solutions of nonvolatile sub- 
stances (exception, tincture of iodine). The strength of tinctures varies. 
They are very useful preparations. Since they usually contain tannic 
acid, they generally cannot be used with agents incompatible with tannic 
acid. Those tinctures C()ntaining resinous materials or oils will usually 
precipitate with water. Tinctures of potent drugs are usually 10 per cent 
in strength, tinctures of fresh drugs 50 per cent, while most of the 
others are 20 per cent, although some tinctures contain only 0.4 per 
cent of active drug. The dose is quite uniform, being about 2 to 4 
cc. of the non toxic preparations. They are often suitable for admin- 
istration in their original form. Many may be diluted with water, 
but some may precipitate on dilution with water. A large number of 
tinctures are found in the U.S.P. and N.F. Typical U.S.P. tinctures in- 
clude Digitalis Tincture and Aromatic Rhubarb Tincture. 

Fluidextracts, fluidextracta, are liquid alcoholic extracts represent- 
ing exact strengtli of drugs, i.e., 1 cc. containing the medicinal proper- 
ties of 1 gram of the crude drug. They are usually prepared by 
percolation. Fluidextracts may be considered concentrated tinctures. 
The advantages of fluidextracts over tinctures and other preparations 
are (1) they possess the same strength as that of the drug from which 
they are derived. (The dose of the drug is therefore the same as the 
dose of the fluidextract) ; (2) they keep well, being made with alcoholic 
menstrua; (3) they are concentrated, a very small quantity being 
required for the administration of a therapeutic dose. 

The fluidextracts are an important group of remedies. They are very 
similar as a group: their strength is identical; their manufacture quite 
similar; their medicinal properties are those of the drug from which 
they are manufactured. They are best diluted with some tincture or 
elixir. They may be incorporated with other ingredients to make 
pills, tablet.^, suppositories, etc. The N.F. recognizes a large number and 
the U.S.P. approximately a dozen fluidextracts. Ergot Fluidextract and 
Glycyrrhizii Fluidextract are typical U.S.P. preparations. 

ALCoiior-, AT.roTioL. Various ethyl alcohol preparations are official. 
Alcohol (95% by volume) U.S.P.; Diluted Alcohol (49% by volume) 
U.S.P. are examples. 

C. Other Fluid Preparations. — 

Glycerites, glycerita, are solutions of medicinal substances in 
glycerin, a substance devoid of pharmacological action. Most glycerites 
are solutions, but the glycerite of starch is a semisolid. They are 
permanent preparations and are intended for local application. The 
glycerite of starch is often used as an excipient in making pills. A few 
glycerites are recognized by the N.F. and U.S.P. Starch Glycerite and 
Glycerite Boroglycerin are typical U.S.P. glycerites. 

Ianiments, linimenta, are preparations of irritant drugs in oily, 
soapy, or alcoholic vehicles and are intended to be applied to the skin 
by friction. They are usually volatile, soapy, or oily to provide 
lubricant properties for the application by friction. Some contain in- 
soluble matter, some are clear alcoholic solution.^, and some are opaque. 
Since some are alcoholic solutions (soap liniment), and some are 
oleaginous solutions (camphor liniment), while one is a transparent 
semisolid mass (turpentine liniment) there seems to be no definite class 
into which liniments can be placed, hence they are placed under 
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other fluid preparations. ' ' Several liniments are found in the N.F. 
and a few in the U.S.P. Two common U.S.P. liniments are Camphor 
Liniment and Soft Soap Liniment. 

Fixed oils, olea pinoua, are neutral esters of vegetable or animal 
derivatives, being compounds of acids (chiefly oleic, palmitic, and 
stearic) with glycerin. Combinations of varying proportions of olein 
(glyceryl oleate), palm i tin (glyceryl palmitate), and stearin (glyceryl 
stearate) form the fixed oils common in oils and fats. The larger the 
proportion of olein, the more liquid is the substance, and as the stearin 
increases the more solid is the preparation. Fats split into glycerin and 
the fatty acids?. The tendency to decomposition with the production of a 
disagreeable odor is termed rancidity. The N.F. recognizes few fixed 
oils. A large number of fixed oils are found in the U.S.P., among which 
are Olive Oil and Cod Liver Oil. 

Volatile or essential oils, olea volatila, are volatile, odoriferous 
liquids derived from plants. They may contain, or consist of, neutral 
principles, aldehydes, ketones, phenols, esters, or compound ethers. They 
are separated from the plant by several methods, such as distillation 
with water, distillation with steam, destructive distillation, vacuum 
distillation, expression, enfleurage, and by percolation. These oils are 
chiefly used in the form of aromatic waters and spirits, as flavoring 
agents. The N.F. recognizes about a dozen volatile or essential oils. 
There are many U.S.P. volatile oils. Common U.S.P. volatile oils are 
Spearmint Oil and Peppermint Oil. 

Oleoresins, oleoresinae, are thick liquid preparations consisting of 
volatile oils and resins extracted from vegetable substances by ether, 
acetone or alcohol. There are two classes of oleoresins: (1) The 
natural oleoresins, such as turpentine and copaiba, which are mixtures 
of volatile oil and resin which come from plants. (2) The pharma- 
ceutical oleoresins which are prepared from drugs which contain the 
volatile oil and resin, such as oleoresin of gentian or oleoresin of 
cinchona. They may be administered in the form of emulsions, pills, 
suppositories, ointments, or be placed in capsules. The N.F. recognizes 
few oleoresins. There is one U.8.P. oleoresin, Aspidium Oleoresin. 

Sprays, nebulae, are solutions intended for the application of 
medicaments in solution to the throat and nose by means of suitable 
atomizers. They consist largely of light petrolatum or physiological 
saline into which are dissolved various aromatics and other medicaments. 
The N.F. recognizes Ephedrine spray and Compound Ephedrine spray. 

Honeys, melt.ita, are sweet liquids having honey as a base. They 
were at one time used frequently as vehicles. 

Ampules, ampult.ae, are hermetically sealed containers, commonly 
glass, containing medicinal substances in sterile solution (usually 
aqueous) intended as a rule for parenteral use. Ampules of iodine, 
however, are offered for topical application. Wax ampules of silver 
nitrate are prepared for instillation of silver nitrate in the eyes of 
newborn babies, and there are thin glass ampules of amyl nitrate to be 
crushed in a cloth and inhaled. They may contain dry chemicals, solu- 
tions, or suspensions in oil but most often they contain aqueous solu- 
tions. The label must state plainly the amount of active medicinal 
ingredients in a stated unit of solution. The glass should be insoluble 
in water so as not to turn the solution alkaline on long standing. The 
N.F. recognizes a large number of ampules, including Calcium Chloride 
Ampules. 

Injections, injectiones, are solutions and suspensions of drugs 
indicated for parenteral administration. The vehicles are aqueous or 
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oils. Injections are prepared, placed in suitable containers, sealed, and 
sterilized. Nontoxic and harmless preservatives may be added to in- 
sure permanency or usefulness to the products. The following injec- 
tions are among those included in the U.H.P. : Bismuth Subsalicylate 
Injection, Oalfeine and Sodium Benzoate Injection, Dextrose Injection, 
Digitalis Injection, an<l otliers. 

Vinegars, aceta, arc medicated substances in vinegar or diluted 
acetic acid. The vinegars may be prescriliod in aqueous, syrupy, or 
mildly alcoholic vehicles. The N.P. contains Squill Vinegar. 

Collodions, collodia, are solutions of guncotton and ether, alcohol, 
or acetone. There are two U.S.P. preparations: ("ollodion and Flex- 
ible Collodion. 

D. Solid or Semisolid Preparations. — 

Extracts, extracta, are solid or semisolid preparations obtained by 
evaporation of solutions of medicinal principles of drugs. The 
menstruum employed is varied, being alcoholic, hydro-alcoholic, aqueous, 
alcoholic and alkaline, or alcoholic and acid. The percentage of extract 
to drug varies from 200 (extract of opium) to 800 (extract of bile). 
Most extracts are potent and are convenient for administration in the 
form of pills, ointments, etc. They may require dilution, as they are 
usually quite active. Since they are usually used in solid preparations, 
incompatibilities rarely arise. The N.F. and U.S.P. each recognize about 
a dozen extracts. Two U.S.P. extracts are Belladonna Extract and 
Glycyrrhiza Extract. 

Pii.LS, PILITLAE, are spherical or elongated masses of medi<‘inal sub- 
stances in sizes from 0.1 to 0.3 gram, \ arious solid and semisolid, and 
some fluid, oflicial drugs and preparations may be pre.scribed as pills. 
The manufacture of pills by the pharmacist, while formerly an im- 
portant task, is becoming a lost art, due to the introduction of 
machinery. The N.F. recognizes several pills. The U.S.P. recognizes 
Ilexylresorcinol Pills. 

MAfcjSKS, MASSAE, arc soft masses of im*dicinal substances capable 
of being made into pills. The manufacture of the oflicial masses is a 
matter of little difficulty, as in each prescription the amount of liquitl 
is sufficient to make a mass of the required consistency. Masses are not 
important U.S.P. or N.F. preparations. Ferrous ('arbonate Mass is an 
N.F. preparation. 

HriTOSiTORiES, supposiTORiA, are suitable masses of medicated sub- 
stances, usually in oil of theobroma, glycerinated gelatin, or glycerin, 
intended for insertion in the rectum, urethra, or vagina. The base melts 
at body temperatures. The U.S.P. gives general formulas for manufac- 
ture of suppositories with oil of theobroma and with glycerinated 
gelatin. Suppositories are not important oflicial preparations. The 
U.S.P. recognizes Glycerin Suppositories. 

Troches, trochhsci, are small llatteiuMl masses of active medicinal 
substances, usually powders, incorporated in sugar and gum; they are 
intended to be administered by slowly dissolving in the mouth. They 
are suitable for the administration of medicines intended for applies 
tion to the throat, and for the administration of fairly mild and taste- 
less medicines in a palatable form. Troches are manufactured by 
massing and by compression. They are usually demulcent or astringent 
in action. The U.S.P. recognizes Penicillin Troches. 

Tablets, tabellae, are small di.^sks of metlicated powders. There are 
three common kinds of tablets. Compressed tablets are formed by 
high compression, using the pure drug with no excipient added. Such 
drugs as acetyl-salicylic acid, acetophenetidin and barbital are 
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usually administered in this form. They are used similarly to pills. 
The commercial tablets may vary considerably in size, but usually are 
quite large. The N.F. and U.S.P. recognize numerous tablets. 

Hypodermic tablets are small and consist of medicinal substances 
blended with some substance known to be completely soluble and 
inert. They are administered by injection after dissolving in 1 or 2 
cc. of water. Quick solubility and dose accuracy are prime requisites in 
their manufacture. Only relatively very active drugs are made up 
into hypodermic tablets, e.g., atropine, nitroglycerin, strycliiiine, and 
morphine. Aseptic conditions must be maintained at all stages in their 
manufacture and administration. 

Tablet triturates are small tablets of active drugs, such as morphine 
sulfate, atropine, and calomel. They usually weigh about 1 grain and 
may contain some diluent such as lactose or sucrose. 

Poultices, catai^iasma, are pasty preparations for external applica- 
tion, usually employed to reduce inflammation or to act as counter- 
irritants. They are generally devoid of medicinal properties. Linum 
(flaxseed), ground flaxseed, is used extensively for making poultices. 
Poultices are not important N.F. and U.S.P. preparations. 

Cerates, cerata, are combinations of medicinal substances with fats 
and waxes intended to be used by spreading on cloth or paper. The 
preparations are similar to ointments but rendered harder by the addi- 
tion of wax. They are applied as one ^vould apply a plaster. 
Ceratum (simple cerate) provides an excellent basis for the prepara- 
tion of other cerates. Few cerates are official. The U.S.P. has 
deleted all cerate preparations, but the N.F. still retains them as a class 
distinct from ointments. 

Oleates, oleata, are combinations of alkalies of metallic oxides 
or alkaloids with oleic acid. Like ointments, they produce the 
therapeutic effect of the active ingredient through absorption of the 
latter on application to the skin by inunction. Oleates are preparations 
of little importance. The U.S.P. recognizes Mercury Oleate. 

Resins, resinae, are those plant products, soluble in alcohol and in- 
soluble in water, obtained either as the residue from tlie distillation 
of an oleoresin, or by pouring a concentrated alcohol extract into water. 
The resins are best given in the form of pills or suppositories. Their 
taste is usually disagreeable and not readily disguised in fluid prepara- 
tions. There are few official resin preparations. 

Plasters, emplastra, are solid or semisolid preparations containing 
medicinal substances intended to be applied to the skin, and of sufficient 
adhesiveness to adhere firmly. Commonly used plaster bases are gum 
resins, lead plaster, resin plaster, isinglass, and India rubber. Plasters 
possess higher melting points than ointments and oleates, and are not 
intended to melt at body temperature. They act as supports or counter- 
irritants. Few plasters are official. Mustard Plaster and Adhesive 
Plaster are typical U.S.P. plasters. 

At present machine-made plasters with rubber bases have practically 
replaced the old-fashioned type of plasters; the pharmacist is rarely 
called upon to spread a plaster. 

Ointments, unouenta, are soapy, oily substances which are applied 
to the skin by inunction. They consist of active medicamentH combined 
with a base, such as wool fat, lard, white petrolatum, ointment of rose 
water, and benzoinated lard. Wool fat is supposed to be the base most 
quickly absorbed by the skin, lard comes next, while petrolatum is 
slowly absorbed. Hydrogenated oils have been suggested as useful 
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ointment bases. More recently triethanolamine, cetyl alcohol, glyceryl, 
monostearate and bentonite have been used in the preparation of 
various ointments. r 

Anhydrous and hydrophylic ohitmcnt bases are now in use. Peni- 
cillin Ointment, U.S.P. uses an anhydrous ointment base. 

Powders, pui.verks, are iinely powdered drugs for external or internal 
use. Powdered drugs may be combined as such and prescribed in 
capsules or cachets for internal use, or they may be ordered mixed with 
water or taken in the dry form. They are usually made by trituration 
with mortar and pestle, or by mixing the ingredients, already reduced 
to a fine powder, with a spatula on a large piece of paper. Most of the 
official powders arc mixture's of several active drugs. Compound Effer- 
vescent Powder is the only U.S.P. powder. 

Triturations, trituration es, are powders obtained by triturating 
the active drug, usually with lactose. The U.S.P. gives a general 
formula calling for 10 per cent of the drug and 90 per cent of lactose. 
They furnish a convenient means of administering active solid drugs 
which can be reduced to a fine powder. Neither the N.F. nor the U.S.P. 
recognizes any triturations. 

Capsules, capsulae, are shells of gelatin used for the administration 
of solids, masses, and litjuids. The U.S.P. and N.F. contain several: 
Digitalis Capsule, U.S.P., Castor Oil Capsule, N.F. 
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CHAPTER III 

PRESCRIPTION WRITING 


‘‘The prescription is the keystone to the entire arch of 
therapeutic endeavor. It rests on the diagnosis and prognosis 
of the case, on the one side, and the physician’s knowledge 
of pharmacology and therapeutics on the other. Any weak- 
ness on either side of the arch reflects itself in the setting of 
the keystone.” — Bernard Fantus. 

THE PRESCRIPTION 

Unfortunately, prescription writing has been neglected both in 
medical school curricula and medical practice. The pendulum seems to 
be swinging back to where teacher.s, students, and physicians are 
again seeing the practical value of being able to incorporate into a 
prescription the physician’s diagnosis, prognosis, and knowdedge of 
the patient’s illness. 

A prescription (Latin prae and scriho, means literally written be- 
fore) is an order for medicine sent by a physician to a pharmacist. The 
modern tendency in prescribing drugs is to make prescriptions simple. 
Instead of prescribing a hopeful mixture of numerous drugs of ques- 
tionable value the prescription of a single drug with definite and 
specific actions is desinnl. The simplest prescription is usually the best. 
A typical classical prescription consists of the following; 

1. Name of patient and address. 

2. Date. 

3. Superscription: B is the abbreviation for the Latin word recipe^ 

take thou. 

4. Inscription: the ingredients and their amounts. 

Basis: the principal substance. 

Adjuvant: the substance used to aid the action of principal sub- 
stance. (Seldom used.) 

Corrective: modifying or correcting action of principal substance. 

(Seldom used.) 

Vehicle: an agent in which the drugs are incorporated. 

ij. Subscription: directions to the pharmacist. 

6. Signature: directions to patient; this should bo written in Eng- 

lish. 

7. The physician’s signature. 

The following illustrates a complete prescription. 

Name Mrs. L. O. Rambo, 

Address 1499 Hythe St., 

St. Paid, Minn. 

Date March 31, 1948. 


Superscription B 

Inscription: 

Basis Chloral Hydrate 4.00 Gm. 

Adjuvant Sodium Bromide 2.00 Qm. 

Corrective Orange Syrup 45.00 cc. 

Vehicle Distilled Water 30.00 cc. 

Subscription M. 


Signature One teaspoonful os directed. 

Ph3rsician’s signature Frank B. Astroth, M.D. 

Medical Arts Buildingi 
St. Paul, Minn, 

49 
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Name of the Patient and the Address. — The name and address of 
the patient should be written distinctly in the prescription, as it is 
necessary for the pharmacist to place it on the label. This is im- 
portant if there is more than one patient in the family. If the 
patient is a child the name should be followed by information as to 
age, written alwaj^s by figure and months and years as, e.g., ^lary 
Brown (4 yr.). The name may sometimes be omitted from a prescrip- 
tion for venereal diseases, or it may be still wiser to use initials and 
age data. Some state laws require the full name on all prescriptions. 

Date. — The physician should place the date on the upper part of the 
prescription sheet, preferably after the patient ^s address. The date 
on the original copy should prove of value in case of legal complica- 
tions, and the date on the duplicate copy often proves of value to the 
prescribes 

The present Federal Anti-narcotic Law requires that the date be 
entered by the prescribes The pharmacist generally u.ses the lower 
left-hand corner for entering the narcotic registry number, date, et(*. 

Superscription 

The word superscription comes from the Latin word suiwrscribo 
“to write on top. “ The superscription consists of the symbol B, 
which is the abbreviation for the Latin word recipe (pronounced riiy- 
kip-a), which means “take“ (thou). It is a command, and has as it.s 
object the quantities of the drugs mentioned in the imscription. The 
object in most prescriptions will be the quantity of the drugs mentioned 
in the inscription, e.g., gr. ij. The oblique dash across the final stroke 
of the B probably is derived from the astronomical sign 11 which was 
used as a prayer to Jupiter to bless the remedies. The oblique line may 
have been used by the Romans much as we now use the period. 

Inscription 

The word inscription from the Latin inscriho, means “to write upon“ 
or “ within. “ It contains the object of the command “lake thou“ 
and is compo.sed of the official names of the drugs which are used, along 
with solvents, flavoring vehicde.s, etc. Home prescriptions may con- 
tain the various parts of the inscription as shown in the above 
example. In this example the chloral hydrate is the basis or principal 
drug. The sodium bromide aids the action of the principal drug and 
may be considered the adjuvant. Orange syrup modifies or corrects 
the action or taste of the principal drug and adjuvant. The water 
dissolves and dilutes the drugs used in the prescription. 

The lines of demarcation between the various parts of the inscrip- 
tion are not always clearly drawn. For instance, the adjuvant drug 
may have action as important as the principal drug. The corrective 
may possess modifying and corrective values and may also dissolve 
and dilute the principal ingredients and thus eliminate the necessity 
of using a vehicle such as water. A competent prescriber lists tlie 
ingredients in the order in which they are compounded. It is usually 
best to put the important ingredients first, with the vehicle or diluent 
last. 

Capitalisation. — Capitals are used for the important words of all 
official titles. Prepositions and conjunctions are not capitalized. 

Abbreviations. — The following abbreviations are found in the in- 
scription: 
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Q.B. (quantum rectum) meaning the quantity is correct^' when 
written after the dose. This indicates to the pharmacist that the amount 
prescribed is intentional. To illustrate: 

Digitalis Tincture f3iv (Q.B.) 

Another method commonly used to indicate that the dose prescribed 
is correct is to follow the symbol or abbreviation of the quantity and 
its numerals by parentheses enclosing the English name of the 
quantity and numeral, tlius: 

Morphine Sulfate gr.iij (three grains) 

A heavy line underscoring a quantity has the same meaning as Q.B. 
Example: 

B 

Morphine Sulfate gr. iv 

Q.S. (quantum sufficit), the Latin for ‘'as much as suffices, may 
be placed after the vehicle to indicate that the pharmacist is expected 
to use his judgment as to the amount of the substance needed. It is 
usually placed after the vehicle or excipient, which is ordinarily the last 
item of the prescription. To illustrate: 

B 

Potassium Eromide 2.0 Gm. 

Aromatic Elixir q.s. 60.0 cc. 

Ad means “to’^ or “up to^^ and is used after the name of the 
vehicle. It is often used after q.s., as q.s. ad. To illustrate: 

B 

Potassium Permanganate f3vj 

Distilled Water q.s. ad gr. xxx 

SSf the abbreviation of sdnia or stmissnn meaning “one-half'^ may 
bo employed following a symbol or abbreviation. To illustrate: 

B 

Ammon ium Bromide 3ss 

means “take thou one-half (Iram of ammonium bromide. “ 

Aa, the abbreviation of ana, meaning “of each“ may be employed 
following two or more ingredients of a prescription to indicate that 
equal amounts of each arc to be taken. Example: 

B 

Ammonium Bromule 

Potassium Bromide aa 5.0 Gm. 

Abbreviations and symbols are used in specifying quantities, and 
each symbol or abbreviation is followed by Roman numerals. In writing 
numerals, the final i is written as j to prevent errors, such as taking 
the ti for a v. Dots are placed above the numerals i and j to aid the 
pharmacist in inlorprcting the numerals. For example, eight ounces are 
written Sviij. 

Subscription 

The subscription is the subscriber's direction to the pharmacist. 
Formerly directions were quite elaborate, but now they are brief, 
allowing the pharmacist to use his own judgment as to the best means 
of compounding the remedy. The directions usually consist of short 
statements, such as “Divide into 10 pills, “ “Mix and place in 10 
capsules, “ or the subscription may bo only one word “Mix.^^ 
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The pharmacist should place the name of the patient on the bottle 
or container exactly as the doctor has written it on the prescription. 

Signature. — The signa (signature), meaning write,'' follows the 
subscription. The abbreviation S. or Sig, is usually used. The signature 
consists of the directions to be copied on the label for the instruction 
of the patient. These directions should be written briefly and plainly 
in English and should be of such a nature as to guide the patient in 
the safe and proper use of the drug. 

The direction as directed should rarely be used and is justified only 
when there is no danger of improper use. Where a medicine is not to be 
administered by mouth, or in case of poison, the signa may be written 
as follows: 

Sig. — *^Not to be taken." Use to moisten dressing. 

yig. — "Poison — not to be taken." Apply externally. 

Sig. — "Poison." Apply externally with massage. 

The pharmacist may carry separate labels bearing the words 
"Poison," "Not to be taken," etc., but as these may be detached, it 
is more desirable to have the pharmacist use a prescription label 
carrying the printing desired on its face. 

Physician’s Name. — The full name of the physician should be phu-ed 
at the bottom of the prescription. When the prescriber us(*s his own 
private blanks carrying his name an<l address, he can naturally take 
mure liberties than when such is not the case. 

Additional Instructions for Prescription Writing. — 

"Shake well" should be placed on bottles containing mixtures or 
suspensions of insoluble matter. 

Non rep., the abbreviation for non repetatur, meaning "do not re- 
peat," should be placed anywhere on the i)rescriptiou when the pn*- 
scription is not to be refilled. 

Pp., for pauperissimus, meaning "very poor," should be placed at 
the top of the prescription, or near the patient’s name, when the 
patient is poor and the physician desires to invite the pharmacist 
to charge a low price for the medicine. 

Latin Grammar in Prescription Writing 

There is a difference of opinion concerning the advisability of using 
Latin in prescrii)tion writing. Some teachers favor the use of T-.atin, 
but many are now avoiding its use and are teaching the writing of 
prescriptions in English. The trend toward the use of English is well 
illustrated by the use of English in the primary titles and Latin in 
secondary titles in the 1947 editions of the United States Pharma- 
copeia, the National Formulary, and the New and Nonoflicial Rem- 
edies. 

The following pages on prescription Latin are given for those who 
prefer to prescribe in Latin. Actually no great expenditure of time 
need be required to become proficient in the art of writing pre* 
scriptions in Latin. The student need only learn the Latin official 
names of the drugs, the necessary changes in terminations (usually 
genitive), and a few Latin words or phrases commonly used in the 
inscription. 

Prescription LatiiL — Latin has no article; the declension of nouns 
is accomplished by changing their terminations. Latin has the fol- 
lowing cases: nominative, genitive, dative, accusative, ablative, and 
vocative. Since the dative, accusaUve, and vocative are rarely used 
in the writing of prescriptions, and the ablative only occasionally, 
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only the genitive will be mentioned to any great extent here. The 
genitive of Latin corresponds to the possessive of English. The fol- 
lowing rules for the formation of the genitive case are useful; 

Eule 1 . — First Declension , — All nouns ending in -a or -e (-e from 
the Greek) form the genitive in -ae. All are of feminine gender. 
Examples: aqua, gen., aquae. 


CASE 

Nom, 

Gen. 

Acc. 

Abl. 


SINGULAR 

aqua -a (e) a water 

aquae -ae (es) of a water 

nquam -am (en) a water 

aqua -a (e) with, by or from a water 


PLURAL 

aquae -ae 
aquarum -arum 
aquas -as 
aquis -is 


Exceptions: Aspidosperma, physostigma, and theobroma form the 
genitive in -atls, and folia, which is nominative plural, forms the geni- 
tive foliorum. 

Rule 2. — Second Declension . — Masculine nouns in the nominative 
singular end in -us, -er, and -os, the neuter in -um, and -on, and they 
form the genitive in -i as in conium — conii. 


CASE 

SINGULAR 


PLURAL 

Nouns in 

-US -um -on 

-us 

-um and -on 

Nom. 

-us -um -on 

-i 

-a 

Gen. 

-i -i -i 

-orum 

-orum 

Acc. 

-um -um -on 

-os 

-a 

Ahl 

-0 -0 -0 

-is 

-is 

Exceptions : 

Bhus, genitive rhois; 

flos, gei itive floris 

; limon, genit 


limonis; fructus, cormus, quercus, and spirit us do not change. 

Rule ?>. — Third, Fourth, and Fifth Declensions . — There is consider- 
able variation in the formation of the third declension. Few nouns of 
the fourth and fifth d(?(!lcnsions are found in medicine. In general, 
all nouns other than those of the first and second declensions, regardless 
of termination.^^, form the genitive in -s and -is. Example: Elixir, geni- 
tive elixir is. 

Some lengtlien in the terminations: 


-as, genitive -atis; as acetas, acetatis 
-is, genitive -idis; as anthemis, anthemidis 
- 0 , genitive -onis; as persio, persionis 
-X, genitive -ids; as cortex, corticis 


Exceptions: Mas, genitive marts; phosphis, sulfis, etc., genitive -Itis; 
mucilago, genitive mucilaginis; pulvis, genitive pulveris; fel, genitive 
fellis. 

The following words do not change in their genitive : buchu, cannabis, 
catechu, digitalis, hydrastis, condurango, cusso, fructus, jaborandi, kino, 
matico, sassafras, sago, sinapis, spiritus, gambir, sumbul. Amyl is un- 
changed or changed to amylis. 

Note: More than three-fourths of all official names are included in 
the first and second declensions. 

Adjectives agree in number, gender, and case with the nouns they 
modify. They are declined as are nouns, and belong to either the 
first, second, or third declension. Latin nouns may have but one 
gender but every adjective must have all three genders so that it may 
modify the nouns of any gender. Thus we say; Syrupus albus, not 
syrupus alba, nor syrupus album. Tinctura aromatica, not tincturae 
aromaticus or tinctura aromaticum. 
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Adjectives may be formed from nouns or other adjectives by add- 
ing -atus or -osiis to the main part of the word. Adjectives ending in 
-atus — 


MASC. 

FEM. 

NEUT. 

Activatus 

-a 

-um activated 

Ammoniatus 

-a 

-um ammoniated 

Benzoinatus 

-a 

-um benzoinated 

Hydra tus 

-a 

-um hydrated 

Praecipitatus 

-a 

-um precipitated 


Verbs. — Verb forms do not appear in the titles of chemicals or 
pharmaceutical preparations and have a limited use in the subscriptions 
and signas of prescriptions. The present tendency is to write the signa 
in English, therefore little time need be spent on verbs. 

Adverbs are seldom used in prescriptions. The two most frequently 
used are — bene, meaning well; statim, meaning immediately. 

Conjunctions. — The most common conjunctions used in prescription 
writing are vel meaning or; et, meaning and. Their construction is the 
same as in English. 

Prepositions. — Latin prepositions are accompanied by a modiflention 
of the case of the nouns which they govern. The following prepositions 
govern the accusative: ad (up to, to); ante (before); in (into); post 
(after) ; secondum (according to). 

The following prepositions govern the ablative case: cum (with); 
in (in); pro (for, according to); sine (without), /ina (of each) is 
governed by the genitive case. 

Latin Names 

In writing the Latin titles of preparations of drugs the class to 
which they belong is written first, as extractum, tinctura, etc. The name 
of the drug or drugs comes next, as Cardamom in Tinctura Cardamomi. 
The qualifying adjective, if there is one, comes last. Example: 
Tinctura Cardamomi Composita. 

In writing the titles of chemical compounds which form more than 
a single compound, the adjective used to distinguish them is written 
after the principal words. Example: Hydrargyri lodidura Flavum. 

If a title consi.sts of a noun and an adjective, the noun in the nomina- 
tive precedes the adjective which mu.st agree with the noun in gender 
and number. Example: Ferrura Reductuin, Aciduni Hydrochloricum, 
Acidum Hydrochloricum Dilutum. 

When a Latin title contains two nouns connected by the conjunction 
et, both nouns are in the same case. Examples: Potassii et Sodii 
Tartras, Quininae et Ureae Hydrochloridum. 

Rules i or the Formation of Latin Nouns 

A few rules showing how the Latin names may be formed from the 
English words will be of great assistance to the student of prescription 
writing. Most Latin names of drugs are merely Latinized English 
words. 

Alkaloids. — Alkaloids, and a few synthetic organic medicinals 
which have English names ending in -Ine are Latinized by changing 
the -ine to -ina. Example: Quinine (English), Quinina (Latin nom.), 
Quininae (Latin gen.). 

Apomorphine, atropine, caffeine, epinephrine, morphine, physostig- 
mine, scopolamine, etc., are a few common alkaloids which follow this 
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rule. Aminopyrine, antipyrine, arsphenaraine, and chloramine are 
synthetic medicinals which also follow this rule. 

Acids. — English names of acids may be Latinized by changing the 
English ending -ic to -iciim, and -ous to -osum. Examples: Hydro- 
chloric acid (English), Aciduni Hydrochloricum (Latin nom.), Acidi 
Hydrochlorici (Latin gen.); Nitrous acid (Pbiglish), Acidum Nitrosum 
(Latin nom.), Acidi Nitrosi (Latin gen.). 

Acid Radicals. — If the English name ends in -ate the Latin nomina- 
tive ends in -as and the Latin genitive in -atis. Example: Sulfate (Eng- 
lish), Sulfas and Sulfatis (Latin nom. and gen.). If the English name 
ends in -ite the Latin nominative is -is, and genitive -itis. Examples: 
Sullite, Sulfis, Sullitis. If the English word ends in -ide the Latin 
nominative is formed by changing the final e to -um and the genitive 
by changing the -um to -i. Example: Bromide (English), Bromidum 
(Latin nom.), Bromidi (Latin gen.). 

Glucosides, Besinoids, Etc. — The Latin and the English names of 
these substances arc tlie same except that the Latin name is formed 
by adding -um to the English for the nominative and changes the -um 
to -i to form the genitive. Example: Strophanthin (English), 
Strophanthinum (Latin nom.), Strophanthini (Latin gen.). 

Many words ending in -in and -ine are Latinized by changing to 
-Inum. Examples: Acetophenctidin (English), Acetophenetidiiium 
(Latin nom.), Acetophciietidini (Latin gen.). Carmine (English), 
Carminum (Latin nom.), Carmini (Latin gen.). 

Other words corning under this rule are: Albumin, Albuminum; 
Aloiii, Aloinum; Antitoxin, Antitoxinum; Glycerin, Glycerinum; 
Benzoin, Benzoinum; Phenolphthalein, Phcnolphthaleinum; Toxin, 
Toxinum. 

Some words ending in -en or -ene form the Latin by becoming 
-enum. Examples: Cinchophen — (Mnehophenum — Cinchopheni. Eth- 
ylene — Aethylenum — Aethyleni. Additional examples are: Mer- 
baphen, Merbaphonum; Neocinchophen, Neocinchophenum; Naphtha- 
lene, Naphthalenum; Tetrachlorethylene, Tetrachlorethylenum. 

Metals. — The T.atin name of metals is the same as English except 
in the ca.se of a few of the ancient metals. Examples: Sodium 
(English), Sodium (T^atiii nom.), Sodii (T.atin gen.). 

Other Drugs. — 'fhe English name is made the Latin name if suitable, 
e.g., cinchona, opium, colchicuin, hyoscyamus, etc. 

When the English ends in -ol the Latin nominative is the same, 
juui the l.aiin gviiili^e is formed by adding -is Example: Phenol 
(English), Phenol (Latin nom.), Phenolis (Latin gen.). 


I.,ATTX PlIRASKS AN1> ABUKEVIATIONS 


Latin phrases and abbreviations w'hich occur frequently in prescrip- 
tions should be known. Some are a traditional part of prescription 
writing and usually are employed in the directions to the pharmacist 
or patient even tliough the rest of the prescription is written in 
English. The pharmacist transcribes the directions to the patient, 
however, in English. The following words and phrases are commonly 
used: 


ad libitum (ad lib.) 

ana (aa or aa) 
ante (a) 

ante cibum (a.e.) 


at pleasure; freely; as much as 
wanted 
of each 
before 

before meals 
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aqua 

aqua destillata 
bis in die (b.i.d.) 
capsula (cap.) 
chartula 
cum (S) 

dividatur in partes aequales 
(d. in p. aeq) 
fac; fiat; dant (f; ft.) 

fac tales doses No. XX 
gutta; guttae (gtt.) 
hora (h.) 
misce (M.) 
misce et divide in 
misce et fac solutionem 
misce et pone in 
misce et tere bene 
nonrepetatur (non rep.) 
numerus (No.) 
pauperissimus (Pp.) 
pilula (pil.) 
post (p) 

post cibum (p.c.) 
pro re nata (p.r.n.) 

quantum satis, sufticit, or 
sufficiat (q.s.) 

(q.s. ad) 

quaque die (q.d.) 
quaque hora (q.h.) 

(q. 4 h.) 

quater in die (q.i.d.) 
seciindem artem (S.a.) 
semis (ss or §§) 
si opus sit (s.o.s.) 
ter in die (t.i.d.) 
tritura et fac tabellas 


water 

distilled water 
twice daily 
capsule 
powder 
with 

let it be divided into equal parts 

make; let be made; let them be 
made 

make twenty such doses 

a drop; drops 

hour 

mix 

mix and divide into 

mix and make a solution 

mix and place into 

mix and stir well 

do not repeat 

number 

pauper 

a pill 

after 

after meals 

according to circumstances; occa- 
sionally 

a surticient amount; ns much as 
is necessary 

a sufticient amount to make 

every day 

every hour 

every four hours 

four times a day 

according to the practice 

one-half 

if necessary 

three times a day 

triturate and make tablets 


STATE AND FEDERAL LAWS 

Every physician should familiarize himself with the laws of his 
State and Country that particularly affect his profession. This applie.s 
especially to those law's pertaining to the sale of narcotic poisons, 
ergot, barbiturates, amphetamine, thyroid, and others. 

Food, Drug and Cosmetic Act 

This act was enacted into law on June 25, 1938. It prohibits the 
movement in interstate commerce of adulterated and misbranded 
food, drugs, devices, and cosmetics. It protects the public by rerjuir- 
ing honest labeling of the nation ^s food, drugs, and cosmetics. The 
Food and Drug Administration is charged writh the responsibility of 
enforcing this act. (For details of Act — ^J. A. M. A. 11(5: 830, 1941). 

Virus, Serum and Toxin Act of 1902 provides for the maintenance 
of potency and purity of biologic products. Licensing power is under 
control of this agency. The United States Public Health Service 
administers this act. 

Food and Drug Act of 1906 was the first extensive national food 
and drug law enacted by Congress. Dr. Harvey Wiley fathered the 
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act and even though it had many shortcomings it was an important 
milestone in food and drug regulatory measures. 

The Caustic Poison Act ,of 1927 safeguards the distril)ution and 
sale of dangerous caustic substances including acids and alkalies in 
interstate and foreign commerce. It is enforced by the Food and 
Drug Administration. 

The Marihuana Act of 1937 regulates the importation, manufacture, 
production, sale, and j)rescribing of marihuana. This act is enforced 
l)y the llureau of Narcotics of the United States Treasury Depart- 
ment. 

FEDERAL NARCOTIC REGULATIONS 

The Harrison Anti-Narcotic Act was passed (March 1, 1915) for 
the purpose of regulating manufacture, sale, dispensing, and pre- 
scribing of narcotic drugs. The law a})plies to opium and coca and 
all of their prei>arat ions, derivatives, and salts, natural or synthetic. 


Chief Drugs Inc luded Under the Harrison Anti-Narcotic Act 


Opium 

Opium (powdered or granulated) 
Extract of Opium 
Tablets of Opium 
Dover’s Powder 
Tincture of Opium 
Tincture of Dover's Powder 
Magondie’s Solution 
Morphine Sulfate (powder, tablets, 
or solution) 

Codeine (alkaloid, salts, tablets, or 
solution) 

Dilaudid 

1 lemerol Hydrochloride 


Dionin 

Pantopon 

Apomorphine Hydrochloride 

Papaverine 

Stypticin 

Coca 

Cocaine (alkaloid, salts, tablets, 
or solution) 

Eucaine Hydrochloride 
Phenacaine Hydrochloride (Holo- 
caine) 

Tropacocaine Hydrochloride 


Prescribing Narcotic Drugs. — Narcotic drugs may be prescribed 
only by properly licensed physicians, veterinarians, and dentists. The 
prescribing of narcotics requires that the date, the physician’s name, 
registration number, and acldress must be written on the prescription. 
A physician must register with the Department of Internal Revenue 
and be assigned a number. Every physician should secure from the 
Federal Government the necessary instructions to meet the requirements 
of this law. The full name and address, and age of the patient must 
also be recorded on the prescription. The signature must be in ink or 
indelible pencil. Narcotic prescriptions cannot be given over the 
telephone. A physician is permitted to prescribe only for patients whom 
he attends in person. Such a prejscription would appear as follows; 

Frank H. Astroth, M.D. 

Medical Arts Building, 

p St. Paul, Minn. 


For, 


Morphine Sulfate gr.j 

Antipyrine gr.xxiv 


M. ft. caps. no. vj. 

Sig.: One or two a day if needed. 

Frank H. Astroth, M.D. 
Jan. 5, 1948 

Mrs. L. O. Rambo (age 38 yr.) 

1499 Hythe St., 

St. Paul, Minn. 


Federal Registry No. 506. 
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The prescription cannot be refilled. When the amount of the drug 
is unusual, as in treating a patient with an incurable disease, the 
prescription should carry an explanation. 

The conditions for which narcotics may be prescribed include: 

1. All acute conditions at the discretion of the physician. 

2. Incurable diseases under certain restrictions. 

3. The treatment of addicts, also under certain restrictions. 

Certain articles are exempt and may be prescribed without refer- 
ence to the narcotic rules and may be purchased without prescription. 
These preparations must not contain more than 0.12 Gm. (2 grains) 
of opium, or 0.015 Gm. (l^ grain) of morphine, or 0.06 Gm. (1 grain) 
of codeine or other salt or derivative of opium per ounce. 

Official preparations which are therefore exempt from the provision.^ 
of the Federal Narcotic Law include: 

a. Camphorated Opium Tincture, U.S.P. 

b. Compound Opium and Glycyrrhiza Mixture, N.F. 

c. Terpin Hj'drate and Codeine Elixir, N.F. 

d. Expectorant Mixture, N.F. 

e. Lead and Opium Lotion, N.F.,.and all preparations for applica- 

tion on the skin, if they contain ingredients that may 
render them unfit for internal use. 

PRACTICAL CONSTRUCTION OF PRESCRIPTIONS 

The construction of a prescription may proceed as follows: After 
the sign B write the official name of the best remedy available 
(basis), next the name of any drug that will aid or modify the 
action (adjuvant) desired. Next select the most suitable form in 
which to administer the medicine, whether powder, liquid, ointment, 
etc. Then select any substance (corrective) that may be added 
to render the mixture more agreeable to the patient. Then add the 
substance (vehicle) to dilute the active ingredients. Next decide: 
(1) The amount of each ingredient to be contained in each individual 
close. (2) Size of the single dose (teaspoonful, table.«poonful if liquid; 
bulk in case of solid medication). (.*1) Total bulk or volume (size of 
single dose times the number of doses). Decide the number of doses to 
be taken in a 16-hour day. (4) Then multiply the amount of in- 
gredients in a single dose by the total number of doses. 

Reassure yourself that there are no incompatibilities or grammatical 
errors. Write the directions to the pharmacist and also to the patient; 
decide whether non repetatur is advisable, then check prescription. 

The student can master the art of prescription writing very easily 
by memorizing a few general principles and by constantly applying these 
rules in writing useful prescriptions throughout his pharmacology and 
therapeutic courses. 

Correct prescription writing means good therapeutics. A doctor should 
pride himself in building up his own armamentarium to draw from 
when the occasion warrants it. Simplicity in prescription writing is 
advisable; the art of combining drugs or of rendering a drug less 
disagreeable is practicing the Art of Medicine. 

CLASSES OF PRESCRIPTIONS 

Two large classes of prescriptions are recognized, nonoffldal and 
official. A nonofficial prescription is a prescription written extern- 
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poraneously by the physician, using drugs and doses as he sees fit for the 
occasion. The official prescription is one which calls for a drug or 
mixture by name, the recipe for which is found in the U.S.P., B.P., or 
N.F. The following are typical examples : 


Nonofficial Prescriptions. — 






Potassium Citrate 15.00 Gm. (Sss) 

aSrwS” 9«.«o (fsiii) 

M. Sig.: Take a teaspoonful in half a glass of water every 
hour until urine becomes acid or bowels move. 


Cod Liver Oil 90.00 cc. (fSiij) 

Peppermint Oil q.s. 

Syrup q.s. 

Acacia q.s. 

Water q.s. ad 240.00 cc. (fjviij) 


Mix and make an emulsion. 

Sig.: One dessert spoonful twice daily. (For prevention of 
rickets.) 


Official Prescriptions. — 

n 

Tincturae lodi, U.S.P. 30.00 cc. (fSj) 

Sig.: Apply once daily as directed. (Poison Label.) 

Calaminae Lotionis, N.F. 180.00 cc. (fjvj) 

Sig.: Apply freely to affected parts. 

Percentage Prescriptions. — When prescribing drugs for local ap- 
plication they may be given in percentage form as follows: 

Salicylic Acid 

Benzoic Acid 

Lanolin 

White Petrolatum 

M. 

Sig.: Apply locally before retiring 

Nonprescription Orders. — Pharmacists usually make a professional 
charge on prescriptions. If the physician wishes to avoid this charge to 
the patient, he may, in the case of commercial articles, write the English 
name of the article and the quantity, i.e. (Cod liver oil, 1 pint), but 
he must not sign it, for this makes it a proscription. A preparation 
which must be compounded extemporaneously will generally be treated 
as a prescription, even though the order has not been signed. 


-- 3% 

— - 

q.s. 30.00 Gm. 


WEIGHTS AND MEASURES 

The study of weights and measures is known as metrology. An 
accurate knowledge of the subject is necessary for the proper writing 
of proscriptions. Two systems of weights and measures are in use 
in this country: the apothecaries* and the metric. Although the 
metric system will ultimately be uniformly adopted, for the present it 
is necessary to learn both systems. 

Because of certain advantages found in both systems they have 
been retained regardless of the repeated attempts which have been 
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made to adopt the metric system in this country. The U.S.P. and N.r. 
give dosages in the metric system. 

The metric system is scientific, having been officially adopted 
as the method of science in moat countries; and, being a decimal 
system similar to our monetary system, relative values of \yeight8 
and measures may be readily computed by change of the decimal 
point. Measures in the apothecaries' system, however, may easily 
be divided into simple fractions, and the measuring of drops, tea- 
spoons, tablespoons, etc., is readily understood by the laity. 

Apothecaries* Weights and Measures 

In writing prescriptions in the apothecaries* system the various 
denominations for weight and volume are designated by certain 
symbols or abbreviations, followed by the amount indicated in 
Roman numerals. For example: gr. = grains; 3 = drachms; 3 = 
ounces; TT\, = minim; f3 = fluidrachra; f5 = fluidounce; O =: pint. 

In writing prescriptions in the apothecaries* system Roman, not 
Arabic, numerals are employed. The quantity is repeated by the figures 
with a dot over the ones, the last one usually being written as a j, thus: 
\ vj, X, xxj, xl, 1, etc. Fractions are written as common frac- 

tions and not as decimals: gr. 1/10, not gr. 0.1. 

AeOTUEC’ARIES * (OR TiJOY) WEIGHTS 
(For Weighing Solid Medicines) 

20 grains (gr.) = 1 scruple (?)) 

3 scruples (3) = 1 drachm (3) 

8 drachms (3) = 1 ounce (S) 

12 ounces (3) =1 pound (lb.) 

The scruple, either symbol or weight, is very rarely, if ever, used in 
prescription Avriting. 

Apothecaries ’ ok Wine Measures 
(For Measuring Liquid Medicines) 

60 minims (TT\.) =1 fluidrachm (f3) 

8 fluidrachms (f3) = 1 fluidounce (f5) 

16 fluidounces (f5) = 1 pint (O) 

Metric System 

The metric system is a decimal system, the denominations in- 
creasing by tens and decreasing by ten.s. From the unit of length 
(meter) are obtained the units of weight (gram) and the units of 
capacity (liter). 

The unit of the metric system is the meter— 39.37 inches. The unit 
of measure of volume is the liter. A container that is one-tenth of 
a meter in each of its dimensions will hold a liter. The unit of weight 
is the gram, the weight of one cubic centimeter of water at 4® 
Centigrade. 

Greater or les-ser quantities are de.signatcd by cither Latin or Greek 
prefixes for 10, 100, 1,000, and 10,000. The Latin prefixes are (led 
(one-tenth), cenii (one-hundredth), and milli (one-thousandth). The 
Greek prefixes are deka (ten), hecto (hundred), kilo (thousand), and 
myria (ten thousand). 

In prescription writing we use only two units, grams and cubic 
centimeters, abbreviated Qm. and cc. In metric proscribing the 
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nuincrul.s precede the abbreviations and are written in the Arabic 
characters, tnus: 5 Gm.; 2 cc. To distinguish the abbreviation for 
gram (Gm.) from that for (gr.) the former is written with a 

capital, and the latter with a small letter. Fractions of grams or cubic 
centimeters are expressed by decimals, asr 1.2 cc., 0.003 cc., 0.5 Gm., 
5.50 Gm. 

Metric Measures 
(For Weighing Solid Medicines) 

1 milligram (1 mg.)— 0.001 gram (Gm.) 

1 centigram = 0.01 gram 

1 decigram == 0.1 gram 

1 gram = the weight of 1 cc. of water at 4® C. 

1 kilogram = 1000 grams 

Metric Fluid Measures 
(For Measuring Liquid Medicines) 

1 cubic centimeter (1 cc.) = 0.001 liter 

1,000 cubic centimeters (1,000 cc.) = 1.0 liter 

The above-mentioned weights and measures are used in writing pre- 
.scriptions, but when drugs are bought and sold in large quantities the 
avoirdupois weights are employed. 

Avoirdupois Wk:g iits 

437.5 grains (gr.) = 1 ounce (oz.) 

1() ounces = 1 pound (lb.) 

100 pounds — 1 hundredweight (cwt.) 

An avoirdupois pound contains 7,000 grains or 16 ounces of 437.5 
grains each, while a troy (apothecaries^) pound contains 5,760 grains, 
or 12 ounces of 480 grains each. 

Tables I, 11, and III arc given to show the relationship between 
the two systems of weights and measures. For rapid approximate 
transpositions of the metric into the apothecaries’ or the reverse, the 
approximate figures are considered sulhciently accurate. The student 
should learn the uccom]>anying tables. 

Table I 


Equivalent Weights and Measures 



AJ'OTIIEUAKIE.S ’ 
SYSTEMS 

n 

SYMBOL 

METRIC 

APPR. 

EQUIVALENTS 

EXACT 

1 

Minim 

HI 


0.06 

cc. 

0.06161 

cc. 

1 

Grain _ 

Sr. 


60 

mg. 

()4.8 

mg. 

1 

Scruple 

3 


1.3 

Gm. 

1,296 

Gm. 

1 

Fliiidraclim. . 

f3 or 

3 

4 

cc. 

3.697 

cc. 

1 

Drachm . 

3 


4 

Gm. 

.1.888 

Gm. 

1 

Fluidounce 

f3 or 

z 

O 

30 

cc. 

29.57 

cc. 

1 

Ounce .. 

3 


31 

Gm. 

31.103 

Gm. 

1 

Pint 

O 


475 

cc. 

473.167 

cc. 


•The volume measure “minim” should not be used interchangeably 
for the approximate measure “drop.” The size of a drop is a function 
of the visco.sity, specific gravity, and temperature of the liquid; thus 
48 drops of water measure 1 fldr., whereas 234 drops of chloroform are 
required to produce the same volume. Fluid potent remedies should 
always be measured and not dropped from the container. 
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METRIC SYSTEM 

APOTHECARIES * 
APPR. 

EQUIVALENTS 

EXACT 

1 Milligram (mg.) 

1 Gram (Qm.) 

1 Cubic Centimeter (cc.) 
1 Liter (L) 

MiO gr. 

13 gr. 

15 ITl 

33.8 fS 

0.0154 gr. 
15.432 gr. 

16.23 TTl 

33.81 n 


Table II 


• 

Equivalents 


FRACTIONS OP GRAIN 

METRIC EQlHVAIiKNTS, GIIA.MS 


1 / 2 - 

1/3- 

1/4- 

1 / 6 - 

1 / 8 - 

1 / 10 - 

1 / 12 - 

1/15- 

1/30- 

1/60- 

1/100 

1/120 

1/150 

1/200 

1/300 

1/600. 


0.03 

0.02 

0.015 

0.010 

0.008 

0.006 

0.005 

0.004 

0.002 

0.001 

0 . 000 () 

0.0005 

0.0004 

0.0003 

0.0002 

0.0001 


Household Me.\sures 


1 drop (gtt.) 

1 minim 

0.06 cc. 

1 teaspoonful 

1 f3 

4.00 cc. 

1 des.sertspoonful 

2 f3 

8.00 cc. 

1 tablespoonful 

4 f 3 

16.00 cc. 

1 teacupfui 

4 n 

125.00 cc. 

1 glas.<<ful 

8 n 

256. 00 cc. 


Table III 

Miscellaneous Conversion Table.s 


Inch 

2.54 cm. 

Meter 

30. .3 7 inches 

Ounce Avoir. 

28.35 grams 

Ounce Troy 

31.10 grams 

Pound Avoir. 

453.50 grams 

Pound Troy 

373.24 grams 

Gallon U. S. 

3.7854 liters 

Gallon U.S. 

231.00 cu. inches 


Converting Grains, Drachms, and Ounces to Grams or cc. 

1. Divide the number of grains by 15. 

2. Multiply the number of drachms by 4. 

3. Multiply the number of ounces by 30. 

The result in each equals approximately the number of grams or cc. 
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SIZES OF PRESCRIPTIONS 

Quantities of pharmaceutical preparations used in prescriptions 
should be limited to minitijum requirements of cases. The custom 
of prescribing in quantities too large places an unnecessary expense 
on the patient and the unused portion remains as a monument to the 
doctor's poor judgment. There is always the possibility of the 
medicines being used indiscriminately for other illnesses, with disastrous 
results. The following list represents the amount usually prescribed 
at one time. 

Standard containers are supplied as follows: bottles for fluids, 15, 
30, 60, 120, 180, 240, 360, and 480 cc. (V 2 , 1, 2, 4, 5, 8, 12, and 16 
ounces) ; boxes for capsules, pills and tablets, to hold 12, 50, 100 each 
of these dosage forms; ointment jars to hold 15, 30, 60, 90, 120, and 
240 grams to 8 ounces). 

The size of a prescription will vary, depending on the purpose for 
which it is intended. The following are common sizes used. 


Cough mixtures 

Capsules, Pills, Powders 

Emulsions 

Lotions 

Eye lotions ^ drops 

Injections, hypodermic or 

intramuscular 

Injections, intravenous 

I^iniments 

Mouth washes, G argies 

Ointments 


120 to 200 cc. (fS 4 to 8) 

6 to 24 

120 to 200 cc. (fS 4 to 8) 
120 to 200 cc. (fS 4 to 8) 
15 to 30 cc. (fS ¥2 to 1) 

up to 2 cc. (up to in. 30) 
up to 200 cc. (up to fo 8) 
200 to 400 cc. (f5 6 to 12) 
60 to 150 cc. (fS 2 to 6) 
15 to 240 Gm. (3 % to 8) 


SPECIFYING lyiANUFACTURERS 

There is a tendency on the part of the members of the medical pro- 
fession to specify on the prescriptions the preparation of some particu- 
lar manufacturer. Promiscuous specifying of special makes is usually 
a sign of ignorance, as the present ytule and National laws have prac- 
tically forced a uniformly high standard in manufacturing. 

DOSAGE 

The dose of a drug to bo given a patient is largely a matter of 
judgment. The Pharmacopoeia assigns to each drug and preparation 
what may be considered an ‘‘average adult dose'^ an amount which 
usually produces a therapeutic effect for which the substance is com- 
monly employed, that is, once a day, twice a day, or at more frequent 
intervals. This average dose may be increased or decreased by the 
physician to meet adequately the existing circumstances. As a rule the 
U.8.P., N.F., and N.N.R. do not list the total dosage or the number of 
times the doses are to be given; this naturally rests with the physician. 

The minimum dose is the smallest dose capable of producing a thera- 
peutic effect. A maximim dose is the largest dose that can be adminis- 
tered without producing poisonous effects. A toxic dose is a poison dose. 
Physicians must remember that different persons will respond differently 
to the same dose of the same drug. The term “minimal lethal dose'^ 
(M.L.D.) is the smallest dose producing death. It is important for 
bioassays and the evaluation of margins of safety in drug studies. 

Certain factors should be taken into consideration in determining 
the drug dosage. The conditions that modify the action of drugs have 
been previously discussed. Those factors should be considered before 
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the dosage of any drug is decided upon. Of this group the factors 
most liable to effect the actual needs of the patient are age, weight, 
sex, idiosyncrasy, tolerance, and disease. These factors not only 
modify the single dose of a drug, but also the amount which can be 
given in a day. 

The frequency of the dosage is determined by the condition of the 
patient or, if continued effect is desired, by the rate of elimination 
of the drug. Disease affecting the excretory organs naturally plays 
an important role in determining the frequency of administration 
of drugs. Epinephrine, caffeine, chloral hydrate, iodides, salicylates, 
physostigmine* salicylate, solution of pituitary, and strychnine are 
eliminated within a few hours, hence the intervals of repetition of 
administration are measured in hours. Arsenic, barbituric acid 
derivatives, bromides, digitalis, mercurial preparations, and thyroid 
are eliminated more slowly, hence repetition of administration is 
measured in days. The following examples illustrate the rapidity of 
drug action: 

Drugs which act rapidly are: 

Alcohol 
Ammonia 
Camphor 

(Act in 

Drugs which act slowly are: 

Arsenic Digitalis Synthetic antipyretics 

Atropine Mercury Synthetic hypnotics 

Bromides Quinine Thyroid 

(Act in several hours to 20 hours) 

Drugs which tend to accumulate are: 

Arsenic Bromides Mercury 

Atropine Digitalis Strychnine 

Some drugs, such as narcotics, bromides, most metals, gland extracts, 
most cathartics, and quinine, are excreted in the milk. Therefore keep 
in mind that the baby may suffer from the treatment given the nursing 
mother. 

The Pharmacopoeia and the National Formulary assign to each drug 
and to most preparations an official dose. These doses are for adults 
and are small enough to be safe under nearly all circumstances. In 
actual practice larger doses are usually necessary. The dose for a child 
is usually estimated as being a fractional part of the adult dose. 

Dosage for Children. — Doses for children follow no definite rule. 
Certain drugs, such as arsphenamiue, atropine, digitalis, and the sulfon- 
amides, are given to children in relatively larger do.ses than to adults. 
Opiates, on the other hand, are relatively less well tolerated ]>y infant.s 
and children than by adults. Certain rules are, however, of assistance 
in determining doses suitable for children. The following rules are 
useful: 

Clark’s Buie. — Divide the weight of child in pounds by the average 
weight of adult (150), and take this fraction of the adult dose. 
Example: 

Weight of child 50 pounds 
Adult dose 0.6 gram 

50 

Therefore x 0.6 gram = 0.2 gram child’s dose. 

This role gives the best results and is based on scientific principles. 


Caffeine Salicylates 

Chloral Strychnine 

Iodides 

1 minute to 1 hour) 
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Toung’S Buie is^the most commonly used. This rule is based upon 
the age of the child, regardless of weight. Divide age of child by 
age plus 12, and the resulting fraction is the portion of the adult 
dose to use. Thus for a diild 6 years old the fraction would be 

6 

' 6 + 12 ' ^ adult dose. 

Cowling’s Rule uses a fraction obtained by taking the child’s age 
at its next birthday for the numerator and 24 as the denominator. 
Thus for a child of 2 years the fraction would be or % of the adult 
dose. 

In comparison with the weight curve, the results obtained by this 
rule are low for children under 4 years of age or over 15 years. 

Dilling’s Buie divides the actual age of the child by 20 to form 
the fraction in calculating the doses. 

At 20 years, the adult dose. 

At 10 years, the age, the dose. 

At 5 years, H the age, ^4 the dose. 

At 2% years, % the age, the dose. 

At 1 year, ^2 the dose (exception). 

V ( Fried’s Rule for Infants. — In case the age is less than one year the 
ollowing method may be used in figuring the dosage. Divide age in 
months by 150 and multiply it by the adult dose. For a baby of 6 
months the dose would bo %5o o** 1^5 times the adult dose. 

Dosage for Aged People. — In old age, the dose must be, as a rule, 
somewhat less than that for adults. Irritant cathartics, emetics, 
narcotics, and depressant drugs should be administered with caution 
to old people. Above sixty years, the adult dose is reduced to four- 
fifths or two-thirds, and even to one-half in extreme senility. 

Memorizing of Dosages 

The student must learn tlie doses of the most commonly used drugs. 
This is not the task that it might appear to be if the dosage is learned 
with the drug almost as part of the name of the drug. For example, think 
of morphine sulfate and the dosage 10 mg. (% grain) as one and as 
being inseparable, liules of variou.s kinds are of little value as aids 
for remembering dosages. However, a few general principles are worth 
remembering. Kemeinber that : 


STRENGTH 

DOSE 

Powders (crude drug) 

100% 

0.3-2 Qm. 

Fluidextracts (100 Gm. crude 

100% 

0.06-2 cc. 

to 100 cc.) 

Extracts (200 to 800 Gra. crude 
to 100 Gm. extract) 

200 to 
800% 

0.015-0.3 Gm. 

Tinctures (10 Gm. crude to 100 

10% 

0.5-2 cc. 

cc.) 

Tinctures (less potent) 

20% 

4 cc. 

Infusions 1 

to 80% 

usually 2-30 cc. 

Decoctions (5 Gm. to 100 cc.) 
Spirits 

Elixirs 

Syrups 

Aromatic Waters 

5% 

variable 

usually 15-30 minims 
usually 4 cc. 

0.95 to 10 cc. 

15 cc. 
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VEHICLES 

A vehicle is a medium in which medicine is administered. It is gener- 
ally employed in sufficient quantity to make a dose a readily measurable 
amount. Examples: Syrups and aromatic waters in liquid preparations; 
lard and wool fat in ointments; liquid petrolatum in sprays, etc. They 
are relatively inert solutions, semisolids or solids, generally employed 
in sufficient quantity to make the dose measurable. The selection of 
the proper vehicle in the writing of prescriptions is of great im- 
portance; the apparent reason proprietary remedies are so popular 
is that they are dispensed in attractive and pleasant vehicles. 

Vehicles may be classified as follows: (A) flavoring vehicles, (B) 
coloring agents, (C) solid and semisolid vehicles, and (D) excipients. 

Fi avorino and Coloring Vehicles 

A large number of preparations are used in prescriptions for flavor- 
ing and coloring, some preparations serving a dual purpose. Usually 
flavoring or coloring is applied only to liquid preparations for oral 
administration. However, powders may bo flavored or even colored, 
and pUls or tablets may be coated with sugar to conceal undesirable 
tastes and even colored to appear more attractive. In selecting a vehicle 
for a liquid prescription the physician must take into account the fol- 
lowing: 

Solubility. — It is usually desirable to administer a drug in solution, 
hence the vehicle chosen must naturally be one that will dissolve the 
drug. In general, alcoholic vehicles, such as elixirs, tinctures, fluid- 
extracts, and spirits, have a relatively greater solvent action for alka- 
loids, oils, resins, etc., than aqueous preparations. Aqueous preparations 
usually are much more solvent for salts and gums. 

Reaction. — The reaction of the vehicle plays an important part in 
its selection, especially because the acidity or alkalinity often affects the 
color produced; furthermore a precipitation, with formation of different 
compounds, results if ingredients of opposite reaction are placed in the 
same liquid prescription. Examples: Carmine Solution, N.F., is of a 
purplish-red color in an alkaline medium, a bright red in a neutral 
medium, and precipitates when the reaction is acid. Glycyrrhiza 
Fluidextract, U.S.P., precipitates when the reaction becomes acid, 
because ammonium hydroxide is added to the preparation to dissolve 
the glucoside, glycyrrhizin. 

Taste. — The taste of a preparation is an important element in secur- 
ing the best of therapeutic results. A disagreeable preparation may 
cause nausea and vomiting and in the end he refused by the patient 
entirely. The ability to prescribe a pleasant and agreeable medicine 
is important in securing the cooperation of the patient. 

Color. — Coloring is almost equally as desirable as a suitable flavoring. 
Often the flavoring provides the color, e.g., Compound Cardamom 
Tincture, U.S.P,, B.P., Wild Cherry Syrup, U.S.P., etc. 

INCOMPATIBILITT. — In selecting a vehicle one must be selected that is 
capable of existing harmoniously with the other ingredients of the 
prescription. The task of securing compatible prescriptions is not as 
difficult as it might seem if the general rules on incompatibility listed 
in this chapter are adhered to. 

Select a Simple and Inexpensive Vehicle . — Inexpensive vehicles should 
be chosen, provided they are satisfactory for the prescription. Water 
is one vehicle which should be employed whenever possible. The 
aromatic waters, such as Peppermint Water, U.S.P., B.P., Fennel Water, 
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U.S.P.y etc., are excellent vehicles for disguising the taste of many salts. 
Aromatic Elixir, U.S.P., is a good solvent, possesses an agreeable taste, 
and is indicated in the prescribing of many salts and alkaloidal salts. 
Wild Cherry Syrup, U.S.P., 'B.P., and Syrup of Tolu, U.S.P., B.P., are 
excellent cough remedies. Cacao Syrup, N.F., and Aromatic Eriodic- 
tyon Syrup, N.F., aro excellent vehicles for quinine prescriptions. 
Liquid Petrolatum, U.S.P., is often used in prescribing oibsoluble drugs; 
Medicinal Soft Soap, U.S.P., B.P., is useful in prescribing liniments; 
Lactose, U.S.P., B.P., is commonly used in prescribing powders. Pet- 
rolatum, U.8.P., Lard, U.S.P., B.P., and Wool Fat, [J.S.P., B.P., are 
excellent vehicles for various ointments. 

A. Flavoring Vehicles 

Flavoring is an important factor in preparing medicine to be taken 
by mouth. It consists of imparting a suitable taste to a preparation 
and it also consists in disguising disagreeable tastes. Improving 
the tastes of medicines may be accomplished by dilution, by sweetening, 
by the use of mucilages, acids, syrups, spirits, elixirs, and tinctures, 
and by the use of drugs which paralyze the taste buds. It is well 
to bear in mind that large doses may be taken with cereal or in thick 
soup. Milk or tea may be used effectively for administering drugs. 
Plain water, preferably cold, may aid in masking the taste of an ill- 
tasting medicine, if given immediately following the ingestion. 

The use of flavoring is especially important in dispensing prescriptions 
to women and children. Since tastes vary widely in individuals, it is 
well to consult the patient to determine his likes and dislikes before 
prescribing medicine for his use. Flavoring vehicles may be divided 
into two groups. 

1. Aqueous Vehicles. — The aqueous vehicles most commonly used 
for flavoring purposes are the aromatic waters, syrups, and to a lesser 
extent the mucilages. 

a. Aromatic Waters, or Aquae, are suitable vehicles for water- 
soluble salts and other disagreeable-tasting substances. In aromatic 
waters the quantity of active substance is sufficient to give a pleasant 
flavor without imparting any noticeable therapeutic properties. Waters 
do not keep well. The following are common aromatic waters. For 
external use Rose Water is often used. 

Preparations 

Anise W'uter, Jqua Anisi, XJ.S.P. A saturated solution of oil of anise 
in distilled water. Dosage: 15 cc. (4 fluidrachms). 

Gamphor Water, Aqua Camphorac, U.S.P., B.P. Saturated solution of 
camphor in distilled water. Dosage: 10 cc. (2^.^ fluidrachms). 
Chloroform Water, Aqua Chloroformi, N.P., B.P. Saturated solution 
of chloroform in distilled water. Dosage: 15 cc. (4 fluidrachms). 
(/innamon W’ater, Aqua Cinnamomi, XJ.S.P. Saturated solution of cinna- 
mon oil in distilled water. Dosage: 15 cc. (4 fluidrachms). 
Fennel Water, Aqua Foeniculi, U.S.P. A saturated solution of fennel 
oil in water. Dosage: 15 cc. (4 fluidrachms). 

Peppermint Water, Aqua Menthae Piperitac, XJ.S.P. A saturated solu- 
tion of peppermint oil in distilled water. Dosage: 15 cc. (4 
fluidrachms). 

Spearmint Water, Aqua Menthae Viridus, XJ.S.P. A saturated solution 
of spearmint oil in water. Dosage: 15 cc. (4 fluidraclims). 

Rose Water, Aqua Bosae, XJ.S.P. A mixture of stronger rose water with 
distilled water. 
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Stronger Rose Water, Aqua Bosae Fortior, U.S.P. Prepared by dis- 
tilling fresh cabbage roses with water, 
b. Symps are useful when a water solvent accompanied by a sweet 
taste is wanted. Keep in mind high sugar content (dial^tic patients). 
When mixed with strong alcohol the sugar may crystallize out. Usu- 
ally syrups are used as vehicles, but in some cases they constitute the 
full medication, e.g., Ferrous Iodide Syrup, Ipecac Syrup. 

Preparations 

Syrup, Syrupus, U.S.P., B.P. Sucrose (85%) in distilled Avater. 
Acacia Syrup, Syrupus Acaciae, N.F. Acacia (10%) with sodium 
benzoate, vanilla tincture, sucrose, and distilled water. 

Citric Acid Syrup, Syrupus Acidi Citrici, U.S.P. Citric acid (1%), 
flavored w^ith lemon tincture, in syrup. For ammonium chlo- 
ride, and citrates; incompatible with alkaline carbonates. 
Caution — this preparation must not be dispensed if it has a tere- 
binthinate odor or taste, or shows other indications of deteriora- 
tion. 

Orange Syrup, Syrupus Aurantii, U.S.P., B.P. Sweet orange peel 
tincture, citric acid, and sucrose in distilled w’ater. For 
ammonium chloride, citrates, bitter drugs; incompatible with 
alkaline carbonates. Caution — this preparation must not be dis- 
pensed if it has a terebinthinate odor or taste, or shows other 
indications of deterioration. 

Cacao Syrup, Syrupus Cacao, N.F. Prepared Cacao (17.5%) vanilla 
tincture, gelatin, sucrose, and distilled water. Absolute alcohol 
content about 2 per cent. For atropine, caffeine, chloral hydrate, 
ephcdrine, quinine, and all bitter drugs. 

Aromatic Eriodictyon Syrup, Syrupus Eriodictyi Aromaticus, N.F. 
Eriodictyon fluidextract, potassium hydroxide solution, com- 
pound cardamom tincture, sassafras oil, lemon oil, clove oil, alco- 
hol, sucrose, magnesium carbonate and distilled water. Absolute 
alcohol content about 7 per cent. Dosage: 8 cc. (2 fliiidrachms). 
Glycyrrhiza Syrup, Syrupus Glycyrrhizae, U.S.P. Glycyrrhiza fluidex- 
tract (25%) in fennel oil, anise oil, and syrup. Dosage: 8 cc. 
Wild Cherry Syrup, Syrupus Pruni Virginianae^ U.S.P. Wild cherry 
(15%), in glycerin, sucro.se, alcohol, and distilled water. Ab- 
solute alcohol content about 1.5 per cent. Dosage: 10 cc. 
Raspberry Syrup, Syrupus Buhi Idaei, N.V. Juice of ripe raspberries 
in sucrose, alcohol, and distilled water. /Vbsolute alcohol 1 to 2 
per cent. 

Compound Sarsaparilla Syrup, Syrupus Sarsaparillae Compositus, 
U.S.P. Sarsaparilla fluidextract (20%), glycyrrhiza fluidextract, 
sassafras oil, anise oil, methyl salicylate, and alcohol in syrup. 
Absolute alcohol content about 10 per cent. For ammonium 
cnioride, potassium iodide, sodium bromide, and sodium .salicylate. 
Dosage: 15 cc. 

Sweetening Agents , — The usual sweetening agents are sucrose, glucose, 
saccharin, and honey. Other sugars, such a.s fructose, lacto.‘»e, and malt- 
ose, may be used. Sucrose is usually used in the form of its saturated 
watery solution or syrup. This saturated solution may be improved by 
flavors, such as glycyrrhiza or tolu, or by the addition of aromatics, such 
as in Aromatic ]^lxir. 

Saccharin is used for diabetic patients and in pill coating. Renewed 
interest in the possible harmful effect of this substance is apparent. 
Earlier investigations of saccharin, however, have failed to reveal 
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dangerous side reactions except from extremely large doses. Likewise, 
the evidence does not reveal any reason why saccharin cannot be used 
continuously in average sweeteping doses for an indefinite period. Many 
patients have taken saccharin for years without harmful effect. Lac* 
tose is often used in sweetening powders and in the manufacture of 
pills. 

Relative Sweetening Power of Agents , — If sucrose is taken as 100, 
then levulose is about 175, glucose 75, maltose and galactose 33, lactose 
16. Saccharin is 300 to 500 times as sweet as sucrose. 

Preparation 

Saccharin Sodium, Saccharinum Sodicum, U.S.P., B.P. Colorless or 
wliitc powder, odorless or nearly so with an intensely sweet taste. 
Freely soluble in water (1 in 1.5) and soluble in alcohol (1 in 
50). Sweetening agent, especially fqr diabetic patients. 0.03 
Gm. is the equivalent of 1 ordinary lump of sugar. For general 
sweetening use in proportion 1:10,000. 

c. Mucilages are suitable vehicles for water-soluble substances. They 
are often employed in the preparation of emulsions and suspensions. 
Mucilages are incompatible with alcohol and should be freshly prepared, 
as they do not keep well. 

Preparations 

Acacia Mucilage, Mucihigo Acaciae, U.8.P. Acacia (35%) with ben- 
zoic acid (0.2%) in winter. H.P., Acacia (35%) in aqueous 
solution of benzoic, acid. Pavtion — Acacia Mucilage must not 
be dispensed if it has !)ecome sour or moldy. 

Tragacanth Mucilage, Muvifago TrogacanthaCf I7.S.P. Tragacanth 
(G%) in glycerin (18%) and aqueous solution of benzoic acid. 
Used for suspending insoluble powders for external use; used in 
lotions (1-2%). B.P., Tragacanth (1.25%) in chloroform water. 

2. Alcoholic Vehicles. — Alcoholic vehicles are suitable as either 
vehicles or flavoring agents for substances soluble in alcohol. They are 
suitable for flavoring syrups. The properties of alcohol, such as ability 
to dissolve insoluble oils, alkaloids and resins, preservative action, ability 
to precipitate certain aqueous solutions, its pharmacological action, must 
be remembered. 

a. Elixirs are sweetened aromatic alcoholic solutions, used similarly 
to syrups as flavoring vehicles. Their alcoholic content is usually 25 
per cent. High sugar content should be borne in mind when prescribing 
for diabetic patients. 

Prepar.ations 

Compound Benzaldohyde Klixir, Elixir Benzaldehydi Compositum, N.F. 
Benzaldehydo (0.05%), vanillin, orange flower water, alcohol 
(5%), syrup, ami distilled water. 

Aromatic Elixir, Elixir Aromativum, U.S.P. Compound orange spirit 
in syrup, purified talc, alcohol and distilled water. Absolute alco- 
hol content about 23 per cent. It has a pleasant orange flavor, 
and is useful for dissolving drugs that are more soluble in alco- 
hol than in w’ntor. It is particularly suitable for disguising the 
nauseating taste of sodium salicylate. 

Red Aromatic Elixir, Elixir Aromaticum Ruhrum, N.F. Aromatic elixir 
colored with cudbear. Absolute alcohol content about 23 per cent. 
Glycyrrhiza Elixir, Elixir Glycyrrhizae, N.F. Glycyrrhiza fluidextract 
(12:5%) and aromatic elixir. Absolute alcohol content about 
22 per cent. 
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Iso* Alcoholic Elixir, Elixir lao^Alooholiown, N.P. A mixture of low- 
alcoholic elixir (8 to 10 per cent of C,H,OH) and a high-alcoholic 
elixir (73 to 78 per cent C,H,OH) in definite proportions and in- 
tended to serve as a general vehicle for various medicaments that 
require solvents of certain alcoholic strengths* 

b. Spirits, or alcoholic solutions of volatile drugs, contain about 50 
per cent alcohol; used in small quantities as flavors added to other 
vehicles for flavoring purposes. 

Preparations 

Anise Spirit, Spiritus Anisi, N.F. Anise oil (10%) in alcohol. Ab- 
solute alcohol content about 84 per cent. Dosage: 1 cc. (15 
minims). 

Peppermint Spirit, Spiritus Menthae Piperitae, U,S.P., B.P. Peppermint 
oil (10%), colored with peppermint in alcohol. Absolute alcohol 
content about 82 per cent. Dosage: 1 cc. (15 minims). 
Spearmint Spirit, Spiritus Menthae Viridis, U.S.P. Spearmint oil 
(10%), colored with spearmint in alcohol. Absolute alcohol con- 
tent about 82 per cent. Dosage: 1 cc. (15 minims). 

Compound Vanillin Spirit, Spiritus Vanillini Compositus, N.F. Vanillin, 
orange oil, cardamom oil, cinnamon oil, and alcohol. Absolute 
alcohol content about 68 per cent. 

c. Tinctures may also be used as vehicles. The alcohol content varies 
from 45 to 76 per cent; they usually cloud upon addition of water. 

Preparations 

Hitter Orange Peel Tincture, Tinctura Aurantii Amari, U.S.P. Hitter 
orange peel (20%) in alcohol and distilled water. Absolute 
alcohol content about 60 per cent. Dosage: 4 ((‘. (1 tluidrachm ). 
Sweet Orange Peel Tincture, Tinctura Aurantii Dulcis, U.S.P.; Tinc- 
tura Aurantii, H.P. Sweet orange peel from fresh fruit (50%) 
in alcohol. Absolute alcohol content about 75 per cent. Dosage: 
4 cc. (1 fluidrachm). 

Tolu Halsam Tincture, Tinctura Balsami Tolutani, U.S.P. Tolu balsam 
tincture (5%) with magnesium carbonate and distilled water. 
Dosage: 10 cc. (2^8 fluidrachras). 

("ompound Cardamom Tincture, Tinctura Cardamomi Composita, U.S.l*., 
H.P. Cardamom seed (2%), cinnamon, caraway, and cochineal 
in diluteil alcohol and glycerin. Absolute alcohol content about 
45 per cent. Dosage: 4 cc. (1 fluidrachm). 

Compound Gentian Tincture, Tinctura Gentianae Composita, U.8.I\, 
B.P. Gentian (10%), bitter orange peel and cardamom seed in 
glycerin, alcohol, and distilled water. Absolute alcohol content 
about 45 per cent. Dosage: 4 cc. (1 fluidrachm). 

Compound Lavender Tincture, Tinctura Lavandulae Composita, U.S.P. 
Lavender oil, rosemary oil, cinnamon, clove, myristica, and red 
Saunders in alcohol and water. Absolute alcohol content about 
70 per cent. Dosage: 2 cc. (30 minim.s). 

I.«emon Tincture, Tinctura Limonis, U.S.P., B.P. Fresh lemon peel 
(50%) treated with alcohol. Absolute alcohol content about 73 
^r eent 

Practical navoring. — A pleasant flavor may add much to the 
effectiveness of a prescription. In the matter of taste we distinguish 
four primitive taste sensations, sweet, sour, bitter, and salt; some 
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authors add to these alkaline and metallic tastes. The following means 
are suggested for the improving and disguising of the tastes of liquid 
medicines. 

1. Sweet Taste. — Aromatic Elixir, TJ.S.P., Glycyrrhiza Elixir, N.F., 

and simple dilution. 

2. Sour Taste. — Compound Sarsaparilla Syrup, U.S.P., Cacao Syrup, 

N.F., Raspberry Syrup, N.F. 

3. Bitter Taste. — Aromatic Eriodietyon Syrup, N.F., Cacao Syrup, 
N.F., Raspberry Syrup, N.F.; for children, Glycyrrhiza Syrup, U.S.P., 
F<?nnel Water, U.S.P., Anise Water, U.8.P., Tolu Balsam Tincture 
(Syrup of Tolu), C.S.P. (the latter is excellent for cough remedies). 

4. Salt Taste. — Orange Syrup, U.S.P., B.P., Peppermint Water, 
U.S.P., B.P. Compound Sarsaparilla Syrup, U.S.P., Glycyrrhiza Elixir, 
N.F., Saccharin Sodium, U.S.P., B.P., carbonated water, milk, or simple 
dilution. 

5. Alkaline Taste. — Cacao Syrup, N.F., Peppermint Water, U.S.P., 
B.P., milk, or carbonated water. 

6. Metallic Taste. — Orange Syrup, U.S.P., B.P., Aromatic Eriodietyon 
Syrup, N.F. 

Relative Worth of Flavors. — The relative worth of various vehicles 
of the U.S.P. and N.F. as agents to disguise the tastes of ammonium 
chloride and quinine hydrochloride has been satisfactorily established by 
Purdum (1942). 


AMMONIUM CHIiORlDE 

1. Glycyrrhiza Syrup 

2. Raspberry Syrup, N.F. 

3. Orange Flower Syrup 

4. Citric Acid Syrup 

5. Syrup of Tolu 

6. Acacia Syrup, N.F. 

7. Orange Syrup 

8. Aromatic Eriodietyon Syrup, 
N.F. 

9. Cherry Syrup, N.F. 

10. Cacao Syrup, N.F. 


QUININE HYDROCHliORIDE 

1. Syrup of Prepared Cacao, N.F. 
(?) VI 

2. (tlycyrrhiza Syrup 

3. Cacao Syrup, N.F. 

4. Aromatic Eriodietyon Syrup, 
N.F. 

5. Thyme Syrup, N.F. 

6. Glycyrrhiza Elixir, N.F. 

7. Syrup of Tolu 

8. Compound Sarsaparilla Syrup 

9. Raspberry Syrup, N.F. 

10. Cherry Syrup, N.F. 


B. Coloring Agents 

The selection of the proper coloring agent is almost as important 
as flavoring. In some cases the vehicle chosen provides both the 
coloring and flavoring. The usual colors for internal use are red, 
brown, and yellow. Table IV lists colors which are employed in 
proportions of about 1 per cent. 

Alkanet in the form of 10 per cent tincture (imofficial) is satU* 
factory for coloring oils red. 

Carmine (powder) is used to color ointments and dental preparations. 
Preparations 

Caramel, Caramel, N.F. Dark Brown, syrupy, somewhat bitter liquid. 
Freely soluble in water and in diluted alcohol; insoluble in 80 
per cent alcohol. 

Glycyrrhiza Fluidextract, Fluidextractum Glycyrrhieae, U.S.P. Glycyr* 
rhiza (100%). Absolute alcohol content about 22 per cent. 
Dosage: 2 cc. (30 minims). 
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COLOR- 

ING 

AGENTS 


SOLUBLE IN 


COLOR REACTION 


Cudbear Yes Yes R<id (si. Deep red >urple 
Tincture ppt.) red 

N.F. 


Cochineal Yes 
Solution 
N.F. 


Amar- 

anth 

Solution 

U.S.P. 


Com- 

pound 

Carda- 

mom 

Tincture 

U.S.P. 


Com- 

pound 

Laven- 

<ler 

Tincture 

U.S.P. 


Carmine Yes 
Solution 
N.F. 


Com- 

pound 

Cudbear 

Tincture 

N.P. 


Caramel Yes 
N.P. 


SI. Red (si. Bright 
ppt.) red 





\ lolet- I Deep 
crimson violet- 


Reddish Purple 
purple 


SI. Ppt. Bright 
red 




Brown Colors 


Yes Brown Reddish Dark red 
brown to 

purplish 


Yes Brown Brown Brown 

(dark) 


SUITABLE FOR 
COLORING 

For aqueous and 
alcoholic solu- 
tions; acid, al- 
kaline, and neu' 
tral 

For aqueous and 
alcoholic solu- 
tions; acid, al- 
kaline, and neu 
tral 

Aqueous liquids, 
alcoholic liquids 
(up to 50%) 
neutral, alka- 
line, or acid. 

For aqueous and 
alcoholic solu- 
tions; acid, al- 
kaline, and neu- 
tral 

For alcoholic or 
hydro-alcoholic 
solutions 
(aqueous solu- 
tions may re- 
quire filtra- 
tion) ; acid, 
alkaline, and 
neutral 

Neutral or alka- 
line aqueous or 
alcoholic (up to 
50%) liquids 


For aqueous and 
alcoholic solu- 
tions; acids, al- 
kaline, and neu- 
tral 

For aqueous and 
alcoholic solu- 
tions; acid, 
alkaline, and 
neutral 
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Table IV — Cont^d 


COLOR- 

1 SOLUBLE IN 1 

' COLOR REACTION | 

SUITABLE FOR 
COLORING 

INO 

AGENTS 

WATER 

ALCO- 

HOL 

ACID 

NEUTRAL 

ALKA- 

LINE 

Glycyr- 

rhiza 

Fluid- 

extract 

U.S.P. 

Ves 

1 

Yes 

Ppt. 

Brown 

Brown 

For aqueous and 
alcoholic solu- 
tions; alkaline 
and neutral 
solutions (not 
acid) 


Yellow Colors 


Hydras- 

tis 

Tincture 

N.F. 

SI. 

Yes 

Yellow 

Y ellow 

Yellow 

Neutral, alkaline, 
or acid alco- 
holic or hydro- 
alcoholic liquids 
(aqueous liquids 
may be cleared 
by filtration) 

('urcunia 

Tincture 

N.O. 

V'es 

(Hi 

ppt.) 

Yes 

Yellow 

Yellow 

Keddish 

brown 

Neutral, acid 
alcoholic liquids 
(aqueous solu- 
tions ppt. but 
may be filtered) 


Aiiuirantli Solution, Liquor Amaranthi, U.S.P. Amaranth (19^) in 
clistillod wattT. 

Carmiiio Solution, Liquor ('armini, N.F. Carmine in ammonia ^Yate^, 
j^lyeerin, ami water. 

Co«*hineal Solution, Liquor Covvi, N.F. Cochineal (6.59r), potassium 
carbonate, alum, potassium bitartrate, glycerin, and distilled 
water. 

Cun-uma Tincture, Tinctura Cureumat\ Nonofficial. 

llydrasti.s Tiiicnire, Tinctura Jlydrastis, N.F. Hydrastis (‘209r> yield- 
ing about O.f) per cent of alkaloids; in alcohol and water. Ab- 
solute alcohol ccjiitent about 60 per cent. Dosattc: 8 cc. (2 
flui<lrachms). 

Cmlbear Tincture, Tinctura Peraionis, N.F. Cudbear in alcohol and 
water. Absolute alcohol content about 6-4 per cent. 

Compound Cudbear Tinctun*, Tinctura Ptrsionis Composita, N. F. Tinc- 
ture of cudbear and caramel in alcohol ami water. Absolute 
alcohol content about 22 per cent. 

C. Solid and Semisolid Vehicles 

1. Creams. — These preparations may be defined as mixtures of fat 
or fatlike substances bound together with water through physical-chem- 
ical intermediaries. Hydrous wool fat ha.s for years l^en used for the 
manufacture of creams. Saponified creams are also useful but are un- 
able to tolerate electrolytes. 

The sulfonatcd oils are valuable binding agents of the physical- 
chemical class. Diglycol laurate and diglycol stearate are useful new 
chemicals for binding or emulsifying nonmiscible fats and water. The 
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higher alcoholsi including stearyl, octyl, and cetyl alcohol, are impor- 
tant constituents of creams. As little as 2 per cent cetyl alcohol im- 
proves any cream. It also causes the skin to assume a velvety sheen and 
feel. It assists in combining fat and fatlike substances with water. 

Glyceryl monostearate is an excellent emulsifier and binding agent. 
Preparations containing this substance are little affected by change in 
pH and are not incompatible with acid or alkaline remedies. 

Sulfonated oils, such as sulfonated castor oil or sulfonated olive oil, 
are available in all degrees of sulfonation. They are useful constitu- 
ents of soapless shampoo ingredients and rarely cause any skin reactions. 
The light or heavy U.S.P. liquid petrolatum should not be used in 
dermatological preparations, but a low viscosity (55-80) petrolatum is 
recommended. 

The following creams are useful: 

VANISHING CRKAM 

n 


Glyceryl Moiio.steariitc _ 


12 

Gm. 

Yellow Wax _ — _ 


*> 

Gill. 

Glycerin 


() 

(*C. 

Corn Oil — ... 


1 

ec. 

Water 

.qs.acj 

100 

Gin. 

HAND CREAM 




Glyceryl Monoytearate 


IG 

Gill. 

Lanolin, Hydrous -- 


4 

Gin. 

Cetyl Alcohol 


1 

Gin. 

Liquid Petrolatum 



4 

c<^ 

Cotton Seed Oil 


4 

cc. 

Corn Oil — . 


4 

cc. 

Water 

-qs.ad 

100 

cc. 


2. Ointments. — Ointments, greases, or pomades are mixtures of fat 
or fatlike substances physically bound together, essentially free from 
water. They may contain other drugs or modifiers. They possess a 
melting point approximately the same as that of the skin. They adhere 
to the area, prevent evaporation, and are protective. They engender 
heat and cause congestion. 

Ointment bases may be classified as follows: (a) Epidermic ointment 
bases are intended to limit activity to the skin surface. Their in- 
gredients include mineral oil, mineral waxes, or combinations. 

(b) Endodermic ointments are intended to produce activity by per- 
mitting the drug to penetrate into the skin. Lard and wool fat are two 
typical examples of bases of this type of ointments. 

(c) Diadermic ointments are designed to assist passage of the med- 
icament through the skin. Certain volatile oils are effective on applica- 
tion in a diadermic base ointment. 

Hydrogenated fats, with all degrees of hydrogenation, are available 
commercially. These are useful ointment bases. 

Cerates are combinations of fatty bases and waxes which are not soft 
enough to melt and run when applied to the skin. 

Pastes are ointmentlike mixtures of powders with equal parts of 
glycerin, soft soap, petrolatum, lard, etc They are protective and 
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soften the skin; they are porous and tend to relieve congestion. 
Bentonite is a good carrier for chemical reducing action in pastes. 
The following ointments arQ useful : 

SULFUR OINTMENT 


Washed Sulfur 20 Gm. 

Potassium Carbonate 10 Gm. 

Water 10 cc. 

Wool Fat 10 Gm. 

Hydrogenated Oil qs.ad 90 Gm. 


Dissolve potassium carbonate in water, incorporate 
with wool fat, mix with sulfur and hydrogenated 
oil. 




SCALP POMADE 


Resorcinol Monoaectate 

Castor Oil 

Sesame Oil 

Cetyl Alcohol 

Ceresin 

Hydrogenated Oil 
Petrolatum 


4 Gm. 

30 cc. 

30 cc. 

2 Gm. 

20 Gm. 

aa q.s.ad 100 Gm. 


3. Protective Ointments are ii}<ed to protect the skin from irritants. 
These preparations mu.^t be nonirritating and nonsensitizing, be pro- 
tective, and finally, easily applied and ea.‘<ily removed. 

(a) Simple Vanishing Cream i.s an emulsion of stearic acid in water 
containing soap. The cream does not really vanish. After evaporation 
of the water, a thin, almost invisible, nongreasy layer remains which 
acts as an excellent foundation for application of powder. When rubbed 
into the skin, vanishing cream fills the pores with soap which facilitates 
removal of dirt. 


B 

Stearic Acid 20 Gm. 

Sodium Carbonate 2 Gm. 

Glycerin 6 cc. 

Water 78 cc. 


(b) Protective Ointment.s AaAiN.sT Oils, Greases, Pitch, Sun- 
light. — 


B 

Anhydrous Lanolin 70 Gm. 

Castor Oil 30 cc. 

Perfume q.s. 


(c) Detoxifying Protective Ointments.— A cream designed to pro- 
tect against alkalies may well contain boric or benzoic acid, in- 
tended to neutralize the alkalies. The presence of the fat or oil may 
further combine with the acid to form a soap. A protective cream 
against acids may contain soap and magnesium hydroxide. Any sub- 
stance which may be detoxified hy oxidation may contain a nonirritant 
oxidizer such as the various oxidizing peroxides, or one that gives off 
chlorine as dichloramine-T. 
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(d) Protective Ointments Containing Inert Powders. — The 
powder may be calamine, zinc oxide, bentonite, etc. The adhesive may 
be gum benzoin and a vanishing cream. 


Zinc Oxide 5 Qm. 

Talc 5 Gm. 

Iron Oxide 1 Om. 

Gum Benzoin 2 Gm. 

Vanishing Cream 60 Gm. 

Alcohol 15 cc. 

Water 10 cc. 


(e) Protective Ointments Against Sunuoht.— Rays of the sun 
which cause burning may be screened out by certain chemicals. These 
substances include methyl salicylate, aesculin, cycloform, methyl ben- 
zoate, benzyl salicylate, quinine oleate, tannates, and tannic acid. 

B 

Lanolin 

Castor Oil 

Titanium Dioxide 
Methyl Salicylate 

Duponal 

Perfume q.s. 

Note: Many combinations may be made by incorporating two or 
more of the ointments described. 

Preparations 

Lard, Adeps, U.S.P., B.P. The purified internal fat of the abdomen of 
the hog. Insoluble in water, and only slightly soluble in alcohol. 
Benzoinated Lard, Adeps Benzomattis, U.S.P., B.P. Somewhat anti- 
septic and le.ss liable to become rancid than ordinary lard. 
Hydrous Wool Fat, Adeps Lanae Rydrosus, U.S.P., B.P. (Lanolin). 

Wool fat with about 27 per cent of water. 

Cerate, Ceratvm, N.F. White wax (30%) and benzoinated lard. 

Rosin Cerate, Ceratum JResinae, U.S.K Rosin, yellow wax, and lard. 
Petrolatum, Petrolatum, U.S.P. Paralfinum Liquidum, B.P. A purified 
semisolid mixture of hydrocarbons from petroleum. Insoluble 
in water and almost insoluble in alcohol. 

White Ointment, Vnguentum Album, U.S.P. (Simple Ointment). White 
petrolatum 90 per cent, wool fat 5 per cent, white wax 5 per 
cent. 

Rose Water Ointment, Vnguentvm Aquae Bosae, U.S.P. Sodium borate 
(0.5%), spermaceti, white wax, almond oil, rose water, and rose 
oil. 

Zinc Oxide Ointment, Unguentum Zinci Oxidi, U.S.P. Zinc oxide 
(20%), wool fat, and white petrolatum. B.P., 15 per cent ZnO. 

D. Excipients 

Excipients are substances of a more or less inert nature added to a 
prescription in order to confer a suitable consistency or form to the 
drug. Excipients may be liquid or .solid substances. 

1. Moist Excipients. — Included in this group are the glycerites (of 
acacia, starch, tragacanth), honey, simple syrup, and water. 


58 Gm. 
30 cc. 

5 Gm. 
5 cc. 
2 cc. 
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2. Solid Excipients. — The common solid excipients are acacia, 
albumen (egg), starch, altliea, glycyrrhiza, kaolin, lactose, petrolatum, 
and soap. 

The choice of the excipient may be left to the pharmacist. For 
oxidizing substances, such as potassium permanganate, the diluent 
should bo an inert powder, such as kaoliTi, and the excipient an inert 
substance, like petrolatum. 

Pills intended to pass through the stomach unchanged, but to be 
dissolved in the intestine, are known as ^‘enteric pills. These pills 
are coated with salol, keratin, stearic acid, hardened gelatin, etc. 
Pills may also be chocolate coated '' to improve their taste, appear- 
ance, and keeping qualities. 

Propylene Glycol, N.F. Racemic propylene glycol, CHaC'HOH.CH,- 
OH, is used for pharmaceutic purposes as a diluent. Its toxicity is 
similar to that of glycerin. As ordinarily employed it may be consid* 
ered practically nontoxic. 


Preparations 

Althea, Althaea, N.F. (Marsh Mallow Root). 

Starch, Amylum, U.S.P., R.F. ((’ornstanh ). 

Starch Qlycerite, Glycn'iium Amyli, U.S.P. Glycorinum Amyli, B.P. 

Starch (10%), distilled water (20%), benzoic acid and glycerin. 
Glycyrrhiza, Glycyrrhiza, (^.S.P., IkP. (Licorice Root). The prepara- 
tions are incompatible with acids. 

Kaolin, Koolinum, N.F., B.P. Purified native hydrated aluminum 
silicate. 

Lactose, Lactosum, U.S.P., B.P. Obtained from cow^s milk. 

FToney, Me!, N.F. ^lel Depuratum, B.P. 


INCOMPATIBILITY 

The word ^ M)icomj»atibility ^ ^ means that the ingredients are incapable 
of existing together in harmony. Thus a prescription is incompatible 
when its ingredients will produce one or more of the following changes: 
(1) decomposition; (2) precipitation; (;i) liquefaction; (4) deteriora- 
tion; (5) explosion; (6) antagonistic action; (7) or do anything that 
defeats the prescriber^s intent. 

Incompatible prescriptions result from carelessness or ignorance on 
the part of the prescriber. If (he incompatibility is not corrected by 
the pliarniacist, the therapeutic re.vults desired may not be obtained or 
in some instances the mixture may prove harmful or even fatal to the 
patient. 

In writing a prescription which contains more than one drug, one or 
more of the above-mentioned changes may result from the mixture, un- 
less the prescriber exercises extreme care in considering the properties 
^f ingredients entering into the prescription. Four classes of incom- 
patibility are of interest in prescription writing: 

1. Physical Incompatibility occurs when there is a change in the 
physical state of one or more of the ingredients, such as precipita- 
tion, liquefaction or other undesirable physical change. 

2. Chemical Incompatibility involves a chemical interaction between 
the ingredients. These changes may consist of the formation of new 
or dangerous compounds, or the destruction of some of the compounds 
added. 

3. Pharmaceutical Incompatibility occurs when either a chemical 
or a physical change takes place, which, while not affecting its 
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therapeutic value, renders it unsuitable for administration because of 
its undesirable appearance, taste, or smell. 

4. Therapeutic Incompatibility occurs when the constituents of a 
prescription produce antagonistic physiological actions when admin- 
istered. 

Common Incompatibilities. — 

Acacia is precipitated by alcohol, borax, and ferric chloride tincture. 

Acids, unless very dilute and in small amounts, sliould be prescribed 
alone. They combine with bases to form salts, and are incom- 
patible with oxides, alkalies, alkaline salts, hydrates, and carbon 
ates. They usually precipitate albumin. 

Alcohol in sufficient concentration precipitates gums, albumin, and 
many inorganic salts from their aqueous solution. 

Alkalies and Alkaline Carbonates should rarely be prescribed in solu- 
tion with other drugs. They form salts with acids and pre 
cipitate many metallic alkaloidal salts. 

Alkaloidal Salts should rarely be combined with other drugs in solu 
tions. They are precipitated by alkalies, alkaline carbonates, 
earthy carbonates, preparations containing tannic acid, and by 
iodides in solution. Any precipitation of alkaloids rniglit result 
in the last dose of a bottle of medicine being a dangerous one. 

Arsenic (arsenous acid, arsenic trioxide) should generally be pre- 
scribed in solution alone. It is precipitated by salts of iron, 
magnesia, and solutions of lime. 

Bromides in solution should not be combined with alkaloids. They 
precipitate the salts of morphine, quinine, and strychnine from 
neutral solutions. 

Chlorates and other oxidizing substances may cause an explosion 
when triturated dry with any of a number of organic substances 
which are readily oxidized. 

Epinephrine is decomposed by alkalies, alkaline carbonates, and 
hydroxides. 

Glucosides, e.g,, glycyrrhizin, are destroyed by acids. 

Iron Salts. — Ferric salts are precipitated from aqueous solutions by 
alkaline hydroxides and carbonates; they form a blue-black solu- 
tion or precipitate with tannic or gallic acid ; they form a 
violet color in dilute salicylate or phenol solutions. Ferrous salts 
give white precipitates with tannic acid anti gallic acid, and these 
turn black on standing due to conversion into the ferric state. 

Mercury Salts. — Mercuric salts precipitate alkaloid.s, glucosides, pro- 
teins, tannin, and antipyrine. Mercuric cldoride forma a double 
salt with potassium iodide which is soluble in the excess of either 
of the original salts. (A common error is the administration of 
a mercurous preparation, especially to the eye, in a person who 
is taking iodides.) Mercury salts are often incompatible with 
other metab. The mercuric or mercurous salts of halogens form 
a black precipitate with the fixed alkaline hydroxides and with 
limewater. 

Oils and Fats form soaps with alkaline hydroxides, metallic oxides 
and limewater. 

Oxidising Agents (nitrates, nitrites, manganese, chlorates, bromine, 
iodine, bromates, iodates, permanganates, etc.) may react vio- 
lently with reducing agents (tannins, glycerin, sugar, alcohol, 
ether, sulfates, pyrogallol, arsenous acid, ferrous and mercurous 
salts, etc.)* 
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Besina, including oleoresins, fluidextracts and tinctures containing 
resins, should not be prescribed in watery solutions, though they 
may be ordered in emulsions by suspending them^ with the 
mucilage of acacia or 'tragacanth. They are all precipitated by 
water. 

Salicylates, Phenol, and Tannin precipitate or color iron salts. 
Tannin also precipitates most other metals, alkaloids, some 
glucosidcs, and neutral principles. Salicylates precipitate quinine. 

Salts of Metals are precipitated by alkaloids, sulfides, tannin, and 
proteins. They precipitate some alkaloids and acacia. Mercuric 
salts are often incompatible with other metals. Silver and lead 
salts are precipitated by chlorides, bromides, and iodides. Silver 
salts are also incompatible with organic substances. Iron salts 
are colored by tannin, salicylate, and phenol. 

Spirits should not bo prescribed with watery preparations. They 
become cloudy on the addition of water. 

IFater should not be a<hled to: 

Alcoholic liquids in general (such as tinctures, spirits, fluid- 
extracts, with some exceptions) ; or to ethereal liquids (oleo- 
resins), or oils. 

(Phenol should not be mixed with collodion.) 

Prescribe Official Drugs 

The modern physician will usually find a suflScient number of useful 
lirugs in the United States Pharmacopoeia, National Formulary, or the 
New ami Nonoflicial Remedies. There is seldom need of prescribing 
proprietary preparations. The druggists can supply various preparations 
complying with official standards, which he purchases in bulk, and sells 
without a firm name. Usually the noiiproprietary drugs will sell for 
less. When drugs are prepared and standardized according to the U.S.P. 
or N.F. there should be little choice of brands. The following table 
gives comparative costs of proprietary and Official Drugs. 


UoMiwKATivE Cost per 30 Qrams 


Proprietory 

Official 


Adrenalin 

$0.89 Epinephrine Solution 

$0.60 

Anesthesiii 

1.60 Ethyl Aminobenzoate 

.55 

Argyrol 

1.50 Silver Protein 

.52 

Ijuminal 

1.50 Pheiiobarbital 

.30 

Novocain 

2.00 Procaine Hydrochloride 

1.43 

Phenacctin 

.63 Acetophenetidin 

.18 

P 3 rramidoii 

.81 Aminopyrine 

.47 

Veronal 

3.00 Barbital 

.59 


Safety Generalities in Prescribing 

The medical student can hardly master the general field of incom- 
patibility in the time allotted him; the following suggestions, how- 
ever, may help him: 

1. Prescribe simple drugs, the pharmacology of which is understood. 

2. Retain a knowledge of the elementary chemical reactions. 

3. Most vegetable drugs contain tannin which reacts with such 
substances as alkaloids and iron salts. 

4. Avoid mixing acid-reacting drugs with substances having alka- 
line reaction unless the reaction is desir^ 
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5. In general do not mix strong alcoholic solutions (tinctures, 
elixirs, fluidextracts) with water or aqueous preparations. 

6. Prescribe the generally incompatible drugs alone (acids, alkalies, 
iodides, bromides, heavy metals, alkaloids, tannins, carbonates, 
salicylates, permanganates). 

7. When in doubt about the solubility of a drug in the solvent 
used, increase solvent in the individual dose. 

8. Learn a few compatible combinations. For example: Compound 
Sarsaparilla Syrup, U.S.P., is an excellent remedy to conceal the taste 
of salts and mercury, iodides, bromides, ammonium chloride, and sodium 
salicylate. Quinine sulfate mav be well a<lministered in Cacao Syrup, 
N.F. 

9. The following substances are almost universally incompatible: 


Strong Mineral Acids 
Strong Alkalies 
Bichloride of Mercury 
Silver Nitrate 
Lead Acetate 
Potassium Permanganate 


Potassium Iodide 
Arsenic 
Tannic Acid 
Alkaloids 
Aletal Salta 


10. Confer frequently with your pharmacist. 

11. The physician is legally responsible for any errors but the pharma- 
cist is co*responsiblc if a pres<*riptiou is filled for a fatal dose of a 
drug. 
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CHAPTER IV 


TOXICOLOGY 

General 

This chapter will be devoted to a brief resume of general and 
industrial toxicology. Certain matters of general application will be 
discussed, while details will be considered under the individual 
drugs. The importance of industrial toxicology, i.e., the knowledge of 
injurious actions of substances in industry, has been greatly enhanced 
during recent years. 

* Toxicology is the science of poisons. It deals with the origin, symp- 
toms, diagnosis, treatment, and detection of poisons. 

Definitions: It is almost impossible to define the term ‘'poison, ’’ 
for substances which are dangerous under certain conditions are harm 
less in others. Peterson, Haines and Webster (1923) give us the follow- 
ing definition: poison is a substance, which, when introduced into 

the body in relatively small quantity and acting chemically, is capable of 
producing death or serious injury to health in the case of an ordinary 
individual in average health.*^ 

All drugs are potentially poisons and the separation of their pharmaco- 
logical and toxicological properties is often difficult. The therapeutic 
and toxicologic doses of many drugs, for example, digitalis, are very 
close; with caffeine the doses are more widely separated;” while with 
the vitamins the toxic doses may in some instances be several thousand 
times the therapeutic doses. '***' 

A legal poison is any substance which causes disease or death, given 
with homicidal intent, 

«Acate Poisoning. — Acute poisoning is the toxic manifestations 
produced by taking a large amount of a poison in a single dose, or 
several smaller doses with such frequency as to result in sodden 
illness. 

^Obronlc Poisoning. — Chronic poisoning is the toxic manifestations 
following the talung of small doses of a poison over a long period of 
time. It results in the gradual but progressive deterioration of body 
function, e.g., mercury, lead, etc. 

* Cumulative Poisoning, — Cumulative poisoning is the toxic mani- 
festations caused by a sudden increase in intensity of the action 
following slow additions of the drugs, e.g., digitalis. 

ACTION OP POISONS " 

Poisons may cause ‘Injury or^death by intense local action or by 
their action on remote organs after absorption, or by both means. 

Local poisons exert their action on the mucous membranes of the 
alimentary canal. Certain poisons such as strong acids and alkalies 
cause intense tissue damage and usually produce a condition of shock 
similar to that produced by extensive bums on the surface of the body. 

Many of the metallic poisons produce not only a local irritant ac- 
tion but also a toxic action after absorption. On the other hand, 
most alkaloidal poisons produce only a remote poisonous action fol- 
lowing absorption, e,g., opium, strychnine, and others. 

n 
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THE FATE OF POISONS 

After absorption the drug ^circulates in the blood stream, coming 
in contact with every organ and tissue of the body. The toxic action 
of a drug is presumed to depend on the establishment of a toxic 
concentr^ion in the blood stream or lymph around the various body 
organs. 

When a drug is given orally, hypodermically, or by any other 
route, the concentration attained in the blood depends on its rate 
of absorption After absorption the action of the drug is determined 
by its rate of excretion fixation by tissues, and its detoxica- 
tion by such processes as oxidation, ^.reduction or synthesis to some 
less toxic material. The rate of absorption^ the storage of poisons 
in the tissues, ^their rate and modes of elimination are of great medico- 
legal interest. 

Nonvolatile poisons are eliminated from the body chiefly by the 
kidneys^ metals are excreted to a large extent in the colom. and a 
few alkaloids, such as morphine and emetine, are also excited by 
this route. Small amounts of poisons may be eliminated from the 
body through the skiiy and in the saliva^ A certain quantity of 
poison is excreted by' the bile, into the duodenui^ and re-excretion 
may take place into the intestine; for example, morphine is mostly 
excreted by the intestine. Arsenic may be found in the stomach of a 
dead person if death was caused by inhalation of arseniureted hy- 
drogen fumes. 

. The liver is the chief organ that defends the body against noxious 
poisons such as drugs, and against complex substances formed during 
iligestion and metabolism. If the drug is absorbed by the alimentary 
tract, it is convej'ed by the postal vein to the liver which absorbs 
much of the poison, thus acting^ as the first line^ of defense. It 
detoxifies many substances and fixes other substances which it cannot 
detoxify. The liver fixes ai^enical compounds as well as many other 
compounds and in doing this exposes itself to serious injury. Thus 
the liver bears the brunt of the attack when any drug or poison 
is introduced into the body, and in so protecting the body may 
undergo damage, such as cloudy swelling, fatty degeneration, or even 
necrosis. ^ ^ 

y It is well to know that the presence of glycogeiyin the liver cells 
increases its ability to resist poisons. It'TsH:herefore advisable to 
give a substantial amount of glucose within a few hours of the 
administration of a toxic drug, such as general anesthetics, arsenic, 
or benzol derivatives. In ca.ses in which the liver has undergone 
necrosis and life persists for several days after the poison was taken, 
the cause of the death will likely be autointoxication from hypo- 
hepatic function and perhaps little or none of the poison will be 
found in the body. 

The following examples are given to illustrate the fate of poisons 
ill the body. 

1. Phenol. — Phenol is a striking example of the several different 
ways in which a drug is acted upon in the body. A large part is oxidized 
to hydroquinone and pyrocatechin, both of which are excreted by the 
kidneys. A portion of the drug may be combined with suliuric 
acid to form phenyl-sulfuric acid which is harmless. Some of the 
drug may unite with glycuronic acid and be eliminated by the 
kidneys. 

2. Carbon Monoxide. — Carbon monoxide is eliminated unchanged 
and is not oxidized to carbon dioxide. The time required completely 
to eliminate this poison by respiring pure air is not known, but 
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varies with different persons, the carbon monoxide hemoglobin ap- 
parently not being in all cases under sufficient tension with oxygen 
to free readily the carbon monoxide. In fatal cases it persists for a 
long time in the blood and muscles. 

3. Methyl Alcohol. — The fate of methyl alcohol is quite different 
from that of ethyl alcohol, for where ethyl alcohol is rapidly oxidized to 
carbon dioxide and water, methyl alcohol is slowly oxidized to formic 
acid and is excreted as formates. The excretion of formates lasts for 
live or six days after the administration of large doses of methyl alcohol. 

4. Mercury Bichloride. — Mercury compounds are absorbed^ in the 
body regardless of the source of administration. A considerable 
amount is absorbed by the white cells and deposited in various organs, 
chiefly in the kidneys and liver. After absorption it leaves the blood 
rapidly; a part is excreted by the urine and feces. A trace of mercury 
is found in the bile, sweat, saliva, and the gastric and intestinal 
juices. Excretion occurs largely during the first week following ad- 
ministration, but traces are excreted intermittently for several 
months longer. 

5. Hydrocyanic Acid. — Hydrocyanic acid is excreted, in part, un- 
changed, from the lungs, while some of it is converted into sulfocyanides 
and excreted in the urine. It has been suggested that it may com- 
bine the aldehyde group of the body sugar, or be hydrolyzed by ferments 
into ammonium formate. 

SYMPTOMS OP POISONING . 

A knowledge of the general symptoms of poisoning is invaluable in 
making a diagnosis of poisoning. The fate of the patient is often de- 
termined by the early recognition of these symptoms. 

If symptoms of poisoning appear following a meal, food poisoning 
is suspected. Care must be exercised so as not to confuse the onset 
of disease with poisoning. Diseases are generally much slower in 
their progress, and are usually preceded by circumstances such as 
exposure, characteristic symptoms, and indisposition for several days. 
A knowledge of the following symptoms may aid the physician in 
diagnosing poisoning. 

!• Vomiting. — Vomiting, frequently associated with purging and 
abdominal pain, is often found in the presence of gastrointestinal 
upset or with the onset of acute disease. Vomiting is caused by such 
common poisons as arsenic, antimony, digitalis, phosphorus, copper, 
iodine, mercury, the sulfonamides, etc. It is frequently associated with 
such diseases as gastritis, ulcer, uremia, acute infectious diseases, 
and brain tumors. The early stages of pregnancy are often associated 
with vomiting. 

2. Convulsions. — Convulsion.s, or violent involuntary contractions 
of the voluntary mn8cle.s, are commonly associated with such di.sea8e8 
as epilepsy, uremia, eclamp.sia, many acute cerebrospinal disturb- 
ances, and tetanu.s. Poisoning by strychnine, nicotine, camphor, 
aspidium, picrotoxin, and cyanides cause convulsions. 

3. Coma. — Coma may follow poisoning by such drugs as opium and 
its derivatives, chloroform, h>'pnotics, carbon dioxide, atropine, 
alcohols, and phenols. It is a common symptom of uremia, eclampsia, 
acidosis, diabetes, and of many brain lesions. 

4. Besplratioxi* — Dyspnea is a common symptom of respiratory 
poisoning. Edema of the glottis, muscle spasm, and the action of 
respiratory depressants may produce dyspnea. Slow respiration is 
produced by opium and its derivatives and by carbon monoxide. 
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while rapid respiration may be caused by such drugs as atropine and 
carbon dioxide. Slow respiration is caused by such conditions as 
uremia, hemorrhage, and compression of the brain, while rapid respira- 
tion is commonly associated with acute respiratory diseases, hysteria, 
and lesions of the medulla oblongata. 

5. Delirium. — Delirium may be associated with poisoning by drugs 
of the atropine group, cocaine, cannabis, and alcohol. This condition 
is commonly found in epilepsy, insanity, delirium tremens, nephritis, 
and with certain organic brain diseases. 

6. Dilatation of Pupil. — Many drugs, such as the drugs of the 
atropine gp’oup, cocaine, and nicotine, produce mydriasis. Certain 
nervous diseases causing optic atrophy and irritation of the sympathetic 
system usually cause dilatation of the pupil. 

7. Contraction of Pupil. — Pin-point pupils are characteristic of 
poisoning by members of the opium group; by drugs that stimulate 
the parasympathetic nerves, such as pilocarpine, physostigmine ; by 
chloral, phenol, etc. Contraction of the pupil is characteristic of 
tabes dorsalis. 

8. Paralysis. — Paralysis may follow poi.soning by cyanides, carbon 
monoxide, and carbon dioxide. Botulism is characterized by paralysis. 
Common diseases accompanied by various degrees of paralysis • are 
apoplexy, meningiti.s, tabes, and poliomyelitis. Thrombosis of the 
cerebral ves.sels may result in paralysis. 

9. Cyanosis. — C^vnnosis is often an indication of nitrobenzene, 
aniline, or acetanilid poisoning. Opium derivatives and the sulfonamide 
drugs often produce this symptom. Many cardiac and respiratory 
diseases and brain lesions are accompanied by cyanosis. 

10. Salivation. — Salivation is an early symptom of mercury poison- 
ing. Pilocarpine and other stimulants of the parasympathetic nervous 
system produce salivation. 

11. Odor of Breath. — The odor of the breath may be a means of 
detecting a toxic condition. A diabetic in coma may elicit an acetone 
breath; hydrocyanic poisoning is characterized by an odor of almonds, 
while pho.sphorus produces a garlicky breath. Other substances, such 
as alcohol, ammonia, bromine, paraldehyde, iodine, etc., cause char- 
acteristic breath odors. 

12. External Tissue Destniction. — By the careful examination of 
signs of external tissue destruction clues may be found indicative of 
the poison ingested. For example, yellow stains about the lips may 
indicate nitric acid poisoning, signs of escharing about the lips and 
mouth may be cau.sed by sulhiric acid, while greenish-blue discolora- 
tion of the tongue and mucous membranes of the mouth could result 
from ingestion of Paris green or other copper salts. 

CONDITIONS THAT MODIFY THE EFFECTS OF POISONS 

The poisonous ofTects of drugs are modified by certain conditions 
which in general modify all drug action. The conditions which 
particularly modify” the poisonous effects of drugs include the fol- 
lowing: 

1. Dose. — Generally, the larger the dose the more rapid is the 
action; furthermore, a large dose may' produce shock symptoms before 
the appearance of the typical symptoms. 

The fatal dose of a drug for man, obviously, is difficult to deter- 
mine. Experimental data on animals, and recorded cases of death 
from known amounts of poison give very inaccurate information and 
should be considered merely an approximation. 
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2. Bate of Absoxptlon. — ^The rate of absorption of a drug is an 
important factor in determining its poisonous action. The rate ol 
absorption depends on its form, whether soluble, insoluble, gaseous, 
or liquid. A poison must be in soluble form to exert true poisonous 
effects. A poison in a gaseous state is more readily absorbed by the 
lungs than is a poison in a solid or liquid state. 

The genitourinary tract has been a frequent place of absorption 
of poisons. A number of cases of mercurial poisoning have been due 
to the use of bichloride of mercury solutions in vaginal douches. 

3. Boute of Administration. — Symptoms of poisoning usually appear 
most rapidly when the poisons are administered by channels that 
carry the material most rapidly to the blood stream. The routes 
of administration usually facilitating the quickest drug action are 
listed in order of speed of action as follows: intravenous, inhala- 
tion, intraperitoneal, intramuscular, subcutaneous, and oral. Food 
in the stomach may delay poisonous action; gastric enzymes may 
destroy certain poisons. Certain toxic materials, such as snake 
venom, some bacterial toxins, etc., are harmless when taken orally 
but are dangerous poisons when administered hypodermically. Con- 
versely, the glucoside, amygdalin, if administered by vein is harmless, 
but when given orally is a dangerous poison. Magnesium sulfate 
when given by vein is a dangerous depressant, but is harmless when 
taken orally. 

4. Habit and Tolerance. — The body has the ability to become ac- 
customed to the use of drugs and acquires the property of withstainl 
ing large doses of some drugs without showing toxic symptoms which 
would be present if the body had had no previous contact with the 
drug. This is well illustrated in morphine or cocaine addicts. After 
repeated administration the body acquires a tolerance to these drugs, 
so that much larger doses are necessary to produce the same effects 
as were produced initially. 

5. Disease. — Disease is an important factor in determining the 
action of drugs or poisons. Some diseases seem to bring about a 
tolerance for certain poisons while other diseases cause a h 3 rper- 
sensitivity to their action. A morphine tolerance seems to be 
present in cases of intense pain. Any disease affecting the organs 
or routes of elimination accentuates the poisonous action of drugs. 
For example, if a drug is eliminated in the urine, disease of the 
kidney retarding urine elimination may increase the toxic manifesta 
tions. Any impairment of the general health of the body tends to 
decrease the ability of the body to offset the effect of poisons. 

6. Idiosyncrasy. — ^Idiosyncrasy may be defined as an individual 
h 3 rpersensitivity to the action of a drug. Some persons may react 
normally to a drug with excellent therapeutic manifestations, while 
others will react to the drug as though it were a violent poison, 
e.g., quinine. 

7. Speed of Administration. — The rapidity with which a drug is 
administered may determine whether its action will be beneficial or 
toxic. The ill effects of salvarsan may be due to too rapid injection. 
Quinine if administered too rapidly by vein may cause heart failure. 
It is advisable to administer intravenous drugs very slowly and in 
dilute concentration so as not to upset the colloidal equilibrium of the 
blood. 

8. Age. — Susceptibility to drugs generally increases in old age. 
Children, as a rule, are more susceptible to narcotics than adults. 
On the other hand, atropine and calomel arc better tolerated by 
children than by adults. 
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fit is well to remember that my conditions which modify the effects 
of drugs modify the effects of poisons. 

ditties or PHTSIOIAN IN POISONING CASES 

Obviously, the first duty of the physician is to restore the pa- 
tient to health. This usually requires removal of the poison, the ad- 
ministration of a suitable antidote, and the treatment of the symp- 
toms. The physician has another duty to the State, namely, he should 
preserve any evidence which may prove of special value in establish- 
ing cause of the poisoning and any circumstances associated with , 
the poisoning. 

The symptoms must be carefully observed and recorded. The exact 
time the physician was called, the order and time of appearance of 
symptoms, odor of the breath, the condition of the pupils, the char- 
acter of the pulse and respiration. The occurrence of convulsions, 
paralysis, delirium, etc., all should be carefully recorded. He should 
record all treatment given. 

The physician must personally see that the stomach contents, 
washes, vomitus, feces, or other fluids are placed in clean glass jars, 
wrapped, and properly sealed. In case of autopsy, the stomach and 
its contents, the intestines, and portions of various vital organs 
should also be placed in clean jars and sealed. No antiseptics should 
be added. All samples should be placed in the refrigerator and 
locked so no possibility of tampering can occur. 

DIAGNOSIS OF POISONING 

The diagnosis of poisoning before death is often easy, sometimes 
difficult, and occasionally impossible. When one considers the large 
number of poisons available, their variability in action depend- 
ing on size of dose and conditions under which they may be taken, 
and that there are many diseases that simulate poisoning, then one 
realizes the complexity of the problem. A higher percentage of 
correct diagnoses could be made, however, if a few general principles 
were followed. The following means are employed to diagnose a case 
of poisoning. 

Tlie first important step in the investigation of a suspected fatal 
poisoning is a thorough examination of the location where the body was 
found. An intensive search should be made for containers from which 
the deceased may have taken the poison, such as cups, bottles, jars, etc. 
All food found on the premises should be confiscated for chemical 
analysis. 

1. History. — An accurate history is indispensable in making a diag- 
nosis of poisoning. A written record of all observations should be 
made, and an accurate history of the case should be obtained from 
the patient, relatives or friends. No detail should be considered too 
trivial to record for later reference. 

Don*t mistake poisoning for a disease. If the patient has been in 
good health and suddenly becomes ill, think of poisoning. Sudden illness 
following a meal favors a diagnosis of poisoning. A differential diag- 
nosis between poisoning and an acute disease may be difficult to make. 
Certain diseases that may simulate acute poisoning are: acute 
gastrointestinal disorders, appendicitis, intestL^ stranguktion, rap- 
tured tubal pregnancy, coma associate with infectious diseases and 
many more. 
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2. Symptoms. — A knowledge of the general symptoms following 
poisoning are indispensable to a physician in arriving at a correct 
diagnosis for a case of poisoning. A record of the symptoms and 
signs associated with any particular poison case is a great aid to the 
toxicologist in making the examination for the offending drug. If a 
record of convulsions is sent in, with the sample to be analyzed, the 
toxicologist win think of strychnine and will immediately make a 
qualitative test for the presence of strychnine. If one poison is found a 
second poison is rarely present and no search is usually made by the 
toxicologist for the presence of another. 

It is well to remember that only a few clinical symptoms are suffl- 
ciently pathognomonic to he employed as diagnostic criteria. How- 
ever, a cherry red coloration of the blood indicates carbon monoxide 
poisoning; a brownish discoloration of the blood produced by the 
formation of methemoglobin points to poisoning by some such drug 
as nitrobenzene, acetanilid, or potassium chlorate. Poisonous symp- 
toms are valuable chiefly as confirmatory evidence to be considered 
as part of the mass of evidence available from which a final diagnosis 
must be made. 

3. Phsrsical Examination. — A thorough physical examination should 
be made at once in a case of poisoning. The condition of the vital 
organs is of primary importance and, if necessary, the proper respira- 
tory or circulatory stimulants should be administered. A neurological 
examination, with special emphasis placed on the reflexes, pupillary 
reactions, muscle tremors and psychic reactions, is of primary im- 
portance. Such an examination should be performed at frequent* in- 
tervals to follow the course of the treatment instituted. 

4. Clinical Laboratory Examination. — A chemical analysis of the 
urine, gastric contents, blood, and feces should be made as soon as 
possible after the patient has passed the emergency stage. Such 
analyses will do much to confirm the clinical diagnosis. 

5. The Post-mortem Examination (Necropsy). — An examination of 
the dead body should be made to establish the previous diagnosis 
made on the case. Such an examination would eliminate the chance 
of mistaking natural diseased proces.ses for poisoning. Following the 
autopsy the parenchymatous organs and contents of the hollow viscera 
should be taken for toxicological examination. No preservative should 
he added; refrigeration should he used, 

6. Toxicological or Chemical Analysis. — A careful chemical analysis 
should be made of the organa and excretions of the body in order to 
detennine the presence or absence of any poisonous agent. This is a 
specialty that is out of the field of the general practitioner or the com- 
mercial chemist. The physiciaUf however, should have a knowledge of 
the principles involved in toxicological analyses. He should have a prac- 
tical knowledge of a few general tests. 

80XJBCES OF ACUTE POISONING 

A knowledge of the common sources of acute poisoning plus a knowl- 
edge of the usual contents of the more common of these is helpful in 
m^ing a diagnosis. The ingredients of commonly used preparations are 
listed. 

A. Patent Medicines 

1. Laxatives — calomel, phenolphthalein, strychnine, belladonna, 

aloes. 

2. Cold Cures— quinine, phenacetin, acetanilid, antipyrine, sal- 

icylates. 
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3. Ointments — camphor, phenol, quinine, turpentine, salicylic 

acid. 

4. Liniments — alcohol, capsicum, chloroform, menthol. 

5. Soothing Syrups — opium and its derivatives, calomel. 

B. Insecticides, Bat Poisons 

1. Fly Poison — arsenic. 

2. Insect Powder — pyrethrum, sodium fluoride, lead, sulfur, lime, 

phosphorus, Paris green (acetoarsenite of copper). 

3. Moth Poisons — camphor, naphthalene, cedar gum. 

4. Ant Paste — arsenic trioxide, calcium arsenate. 

Ant Powder — sodium fluoride. 

5. Roach Poison — sodium fluoride. 

6. Termite Poison — ^para- or orthodichlorobenzene. 

7. Rat Poisons — arsenic, lead, copper, sulfur, nicotine, strych' 

nine, phosphorus, barium sulfate, red squill. 

C. Miscellaneous Household Poisons 

1. Bitter Almond — yields hydrocyanic acid. 

2. Bordeaux Mixture — copper hydroxide. 

3. Castor Beans — ricin. 

4. Cream of Tartar — potassium acid tartrate. 

5. Hair Dyes — paraphenylenediamine, pyrogallol, silver am- 

monium nitrate. 

6. Lye — sodium hydroxide. 

7. Mushrooms — muscarine and other toxins. 

8. Obesity Cures — thyroid, dinitrophenol, dinitrocresol. 

0. Red Precipitate — red oxide of mercury. 

10. Saltpeter — potassium nitrate. 

11. White Precipitate — ammoniated mercury. 

' TBEATMENT OF POISONING 
General Measures 

If called to n case of poisoning, the physician should go immedi- 
ately, taking his emergency bag with him. Time is important and 
a simple stomach wash may be better than the most elaborate hospital 
treatment at a later date. 

On arrival, the room should be cleared and a rapid preliminary 
examination arrived at from the symptoms and appearance of the 
victim or presence of poison in a cup or bottle near him. 

The principles of treatment are: removal of poison as thoroughly 
08 possible, neutralization of poison to prevent further absorption, and 
treatment of symptoms by supportive measures. 

It is well to remember, i/Ticn confronted with a case of poisonmg of 
unknown origin, that there arc general methods of treatment to he used 
which are usually more important than arc specific antidotes. The 
physician should bo thoroughly familiar with the general rules applicable 
to the treatment of poisons. 

. Bemoyal of Poison 

In cases of poisoning, whether diagnosed or not, the stomach should 
be emptied by a stomach tube except in poisoning by strong cor- 
rosives. 

It is well to get rid of solid matter by emesis before passing the 
tube, otherwise it is liable to become blocked. The following emetics 
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are used: powdered mustard — a dessertspoonful in a glass of warm 
water; sodium chloride 25 Gm. (4 drams) in a glass of warm water; 
copper sulfate— ’25 to 50 c.c. (% to 1% fluidounces) of 1% solution; 
zinc sulfate — 2 Gm. in warm water; apomorphine hydrochloride~-8 
grain) subcutaneously is very valuable, but often fails in 
narcotic poisoning. 

If vomiting has already occurred, it is obviously unnecessary to 
give an emetic, and if the patient is unconscious, an emetic, of course, 
cannot be given. 

Iiavage. — Gastric lavage should be undertaken even when emesis 
appears to have emptied the stomach. If a stomach tube is not avail- 
able, a piece of rubber tubing 3 to 4 feet long, filled with a funnel 
at one end, may be used. Lubricate tube with glycerin or petrolatum, 
and pass one end well back in pharynx and into the esophagus. Ask 
the patient to swallow; however, if he is unconscious, the tube should 
be guided into the esophagus by putting the finger well back over 
the base of the tongue. Pass at least 20 inches of the tube in this 
manner. Next, raise the funnel well over level of the stomach and 
run in a pint of w’arm water. When funnel is nearly empty, pinch 
tube below junction of funnel and tube, and lower below level of 
stomach and siphon into a container. Save first washings of stomach 
for analysis. Repeat process several times, using at least two quarts 
of water. Appropriate antidotes may be introduced by the tube, 
but it is well to use warm water first and keep the fluid for analysis, 
before using any antidote. 

Purgation. — Rapid purgation, using 50 Gm. (1% ounces) of mag- 
nesium sulfate in a glass of warm water, may bo indicated. Removal 
of poison from the intestine is facilitated by washing out the lower 
bowel. 

Elimination of absorbed poison is aided by stimulating the kidneys 
with diuretics, by application of hot packs to the skin, and by trans- 
fusion with saline. 

Neutralization of Poisons 

No substance, as far as we know, can render a poison inert after ab- 
sorption, but antidotal measures may be used to inactivate the poison. 
The method and antidote used depends on the type of poison. 

Certain substances are physiologically antagonistic to one another, 
e.g., atropine and pilocarpine. In other instances, one drug controls 
or diminishes the effect of another, e.g., spasms of strychnine can be 
diminished by chloroform or barbital. The poison may be diluted by 
administering a quart of warm w-ater. A quantity of animal charcoal 
suspended in water may be administered as a routine measure. It 
adsorbs a number of potent poisons. 

A solution of potassium permanganate should be used for all ox- 
idizable poisons, e.g., alkaloids, antipyrine, phosphorus, cyanides, and 
others. There is some diflference of opinion as to the amount of potas- 
sium permanganate to use — 500 cc. (1 pint) of a 1:1,000 solution is 
recommended. A weak solution of iodine, 15 drops of the tincture to 
a glass of water, may be used as an alternative to the permanganate. 

Egg albumin may be used to protect the walls of the stomach and 
to precipitate the poison. Tannic acid (250 cc., or % pint, of 1 per 
cental or strong tea (500 cc. or 1 pint), is useful as it causes protein 
precipitation and also the precipitation of some poisons. 
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^^UniyersaV* Antidote . — ^There is no universal antidote but the fol- 
lowing is an excellent general antidote for emergencies : 

n 

Saturated solution of iron sulfate 100 parts 


Magnesium oxide 90 parts 

Charcoal 50 parts 

Water 900 parts 


Mix all ingredients when ready to administer. This antidote is effec- 
tive against arsenic, zinc, mercury, morphine, and strychnine. 

** Special** Antidotes . — 


For Arsenic BAL 

For Morphine Potassium permanganate. 

For Iodine Starch solution, orally. 

For Phosphorus Copper sulfate, liquid petrolatum. 

For Nicotine Potassium permanganate (1:3,000) by gas- 

tric lavage. Caffeine and sodium ben- 
zoate (0.5 Gm.) intramuscularly. 

For Wood Alcohol Iodides, apomorphine. 

For Strychnine Potassium permanganate by stomach lavage. 

Soluble barbital by vein. 


Supportive Measures 

After the stomach has been washed out and the appropriate anti- 
dotes administered, attention must be given to symptomatic treat- 
ment. In some instances, supportive measures should be given the 
minute the doctor sees the patient. 

Depression or Collapse. — Stimulants such as aromatic ammonia 
spirit 2 ce. (50 minims), in a half glass of water, or a hypodermic 
injection of caffeine and sodium benzoate 5 Gm. (IVj grains) are in- 
dicated in cases of depression or collapse. 

In some cases, accompanied by vomiting and diarrhea, saline fluids 
are indicated. Administer 500 to 1,000 cc. (1-2 pints) of physiological 
saline, or 5 per cent dextrose solution, by vein. 

Ill narcotic poisoning, especially by barbiturates, picrotoxin is of 
great value. 

Heart and Respiration. — If breathing stops, artificial respiration 
should be given. In some cases of asphyxia, oxygen or oxygen with 
7 per cent carbon dioxide may be nece.ssary. If the heart stops, 1 cc. 
(15 minims) of 1:1,000 epinephrine solution may bo injected directly 
into the heart. 

Excitement and Convulsions. — If the patient is stimulated or ex- 
cited, or in convulsions, he may be quieted by the use of chloroform or 
by a barbiturate. Chloral hydrate, 0.5 Gm. (7% grains), sodium amytal, 
0.2 Gm. (3 grains), or paraldehyde, 5-20 cc. (1% to 5 fluidrams) 
may be administered orally. Sodium amytal, 0.3 Gm. (5 grains), or 
sodium barbital, 0.3 Gm. (5 grains) may be given intravenously. 

THE ANTIDOTE BAG 

Every physician should keep the following antidotes together in 
an easily accessible place and in a special Antidote Bag.'^ The 
dose and route of administration should be printed on each container. 
In addition to these antidotes other materials of special importance 
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which should be kept in this bag are: hypodermic syringes, stomach 
tube and funnels, catheter, fountain syringe, and tongue forceps. 


DRUG 

DOSE 

ROUTE 

Amyl Nitrite Pearls 

— 1 ampule 

Inhalation 

Apomorphine Tablets 

— 2-8 mg. 

Intramuscularly 

Aromatic Ammonia Spirits 

— . 2 cc. 

Orally 

Atropine Tablets 

— 1-5 nig. 

Intramuscularly 

B AL ( dimercaptopropanol ) 

— 3 nig./Kg. 

Intramuscularly 

Butesin Picrate 

— q.s. 

Externally 

Caffeine and Sodium Benzoate-. 

ampules (0.5 
Gm.) 

Intramuscularly 

Calcium Gluconate 

— 1 Qm. 

Intravenously 

Charcoal (animal, powdered) — 

— 1-2 Table- 
spoonfuls 

Orally 

Chloroform 

— q.s. 

Inhalation 

Cocaine Hydrochloride Tablets- 

— 0.03 Gm. 

Hypodermically 

Cupric Sulfate (powdered) 

— 0.30 Gm. 

Orally 

Epinephrine Tablets 

— 1 mg. 

Hypodermically 

Iron Sulfate (sat. sol.) 

— q.8. 

Orally 

Limewater 

--15 cc. 

Orally 

Magnesium Oxide 

— 3 Gm. 

Orally 

Magnesium Sulfate 

— 50 Gm. (500 
cc.— 10%) 

Orally 

Morphine Sulfate Tablets 

— 10 mg. 

Hypodermically 

Olive Oil 

—.30 cc. 

Orally 

Potassium Permanganate ( 1 % 

q.8. (dil. to 

Orally 

sol.) 

— 0.1%) 


Sodium Sulfate 

—10 Gm. 

Orally 

Sodium Thiosulfate 

— 1-10 Gm. 

Orally 


20 cc. of fresh 
5% filtered 
solution 

Intravenously 

Soluble Barbital 

— 1 Gm. (20 cc. 
of 5%) 

Hypodermically 

Solution of Hydrogen Peroxide- 

. — 3 cc. (dil.) 

Orally 

Strophanthin 

— 5 mg. 

Hypodermically 

Strychnine Sulfate Tablets 

2 mg. 

Hypodermically 

Syrup of Ipecac 

7 cc. 

Orally 

Tannic Acid 

1-5 Gm. 

Orally 

Tincture of Iodine 

-- q.s. 

Orally; externally 


Physiological antidotes should be given hypodermically or in- 
travenously in order to secure prompt and certain action, and to 
prevent loss of the antidote by vomiting. If the patient is seriously 
ill, treat him symptomatically (artificial respiration, heat) and then 
administer chemical antidote, followed by lavage of the stomach. Ke- 
member that the patient must be kept warm by blankets and by the 
application of dry heat. 

INDUSTRIAL TOXIOOLOGT 

Industrial toxicology, or a knowledge of the injurious actions of 
substances used in industry, has always been important. Recently, 
however, with the many advances and changes in industry, this 
branch of medicine has taken on increased importance. 

Medical supervision, especially in the larger plants, has almost 
eradicated occupational diseases. The introduction of new processes 
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and substances in industry, foreign to the medical profession, is a 
constant threat to the health of workers if constant medical super- 
vision is not maintained at all times. 

Industrial toxicology differs from general toxicology or ordinary 
poisoning in the following ways: 

1. Path of entry of poisons is different. 

2. Ordinary poisoning is usually acute while industrial 
poisoning is usually chronic. 

3. Ordinary poisoning usually deals with a single poison 
while industrial poisoning is usually associated with more 
than one poison. 

4. Environmental factors in industry may favor poisoning. 

The path of entry in ordinary poisoning is usually through the 

mouth. In industrial toxicology, poisoning through the mouth rarely 
occurs. It is possible that men working with white lead, white 
arsenic, or Paris green may become poisoned if they allow their 
hands to contaminate their food, but such cases are rare. 

Skin absorption of coal tar derivatives, aniline, the phenols, toluene 
compounds, and nitrobenzene compounds are of great importance. 
Skin absorption may also take place with members of the petroleum 
series, methyl alcohol, carbon tetrachloride, and others. 

The respiratory tract is a source of entry of many industrial 
poisons. The upper respiratory passages, and even the entire lung tis- 
sue, may be irritated and also damaged by fumes from the heavy 
acids, by nitrogen oxides and by sulfur dioxide. Carbon monoxide, 
carbon dioxide, hydrogen sulfide, hydrogen cyanide, and certain 
petroleum distillates and derivatives may enter through the lungs 
without causing local irritation, then pass to the blood, causing great 
damage. 

Mercurial poisoning may be caused by inhalation of mercury which 
volatilizes at room temperature. Hydrogen arsenate, a most danger- 
ous form of arsenic, is given off when heavy acids come in contact 
with arsenic-bearing zinc or iron. 

Inspired air may contain metal fumes or finely divided particles 
of sublimed oxides formed by heated metals. 

Chronic poisoning in industry is far more common than acute. 
Chronic benzene poisoning occurs with much greater frequency than 
the acute form. Chronic mercury poisoning, chronic carbon disulfide 
poisoning, and many more, are also more common than the acute. 

In ordinary toxicology a single poison is generally the offender. 
In a case of nonindustrial poisoning, if a single poison is detected 
the toxicologist looks no further for poisonous substances. On the 
other hand, in industrial toxicology, many toxic substances may be 
present and they may cause a complex and confusing picture. For 
example, printers use type containing lead and antimony and poison- 
ing from these substances could hardly bo diagnosed as a pure lead 
or as pure antimony poisoning. Many industries use a variety of 
volatile substances at once, which present a puzzling picture when 
toxic symptoms arise among the workmen. 

The environment of the worker may be a factor contributing to 
industrial poisoning. This plays little part in nonindustrial toxicol- 
ogy, For example, factors that lower bodily resistance, heat, hu- 
midity, and fatigue may favor the action of poisonous substances. 
The proximity to various toxic substances of some workmen are ob- 
viously more common in indsutry. The varying susceptibility of 
workers to industrial poisoning has been a troublesome factor in solv- 
ing many problems in industrial toxicology. 
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Treatment of Industrial Poisoning 

Practically all poisoning occurring in industry can be controlled 
and their occurrence prevented. When a physician is called, in an in- 
stance of industrial poisoning, he should determine quickly the 
cause. In nlaking the diagnosis he should contact the plant man- 
ager, or general superintendent, in order to locate the exact nature of 
the exposure. 

The treatment of conditions resulting from noxious substances in 
industry is rarely specific, as several systems of the body are usually 
affected by the chronic exposure. Industrial substances, especially 
the solvents, usually affect the hemapoietic system, the nervous 
system, the kidneys, and often the liver. 

Many gases and solutions have a strong affinity for hemoglobin and 
are also often destructive to the blood cells. For example, benzol 
may cause anemia. Arsine, and carbon monoxide are rapidly fatal 
due to their affinity for hemoglobin. 

Solvents, so common in industry, usually cause disturbances of 
the nervous system. Their toxic action is, as a rule, due to their fat 
solvent action. They probably act on the fatty substances in the 
nerve fibers or myelin sheaths. Exposure to these solvents may 
produce narcotic effects and even death. 

The kidneys may be damaged by excreting certain toxic substances 
e.g., carbon tetrachloride. The liver may be damaged by constant 
contact with such substances as carbon tetrachloride, the chlorinated 
naphthalenes, and others. 

COMMON INDUSTBIAI. POISONS 
Inorganic Acids n 

Sulfuric Acid is very important commercially and rarely causf>s 
injury to workmen. Accidents may, however, occur among those who 
use it in their work. Sulfur dioxide is formed in many industrial proc- 
esses, e.g., smelting of sulfide ores, production of sulfuric acid and 
phenol, bleaching paper, refrigeration, and others. It seems that work- 
ers become accustomed to sulfur dioxide, whereas persons unaccustomed 
to it react with choking in an atmosphere containing it. An atmosphere 
containing dangerous amounts of this gas produces bronchitis, broncho- 
pneumonia, and edema. 

Chronic poisoning from sulfur dioxide rarely occurs. Chronic ex- 
posure to this gas produces a mild nasopharyngitis, increased fatigue, 
abnormal redcxes, and dyspnea on exertion. 

Treatment of Bespiratory Disturbances.— Gas inhalations of oxy- 
gen jdus 5 to 7 per cent carbon dioxide are indicated in persons over- 
come by sulfur dioxide. Use oxygen alone if pulmonary edema is 
present. Artificial respiration may also be indicated. Kcspiratory 
and circulatory stimulants such as metrazol and caffeine and sodium 
benzoate may be used. Bed rest may be necessary. Treat symp 
tomatically. 

Acute Poisoning may be caused accidentally or the acid may be 
taken for suicidal purposes. 

Symptoms. — Onset is immediate, with severe burning pain in throat 
and stomach; coffee-grounds vomitus, purging, and profuse perspira- 
tion are common. Bespiration becomes difficult. Acute edema of 
the larynx may cause death from asphyxia. Gradual weakness en- 
sues, followed finally by shock and collapse. Death may occur in 
twelve to twenty-four hours. 
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External Treatment. — ^Flood with water, then cover with a paste 
of sodium bicarbonate. Wash eyes with 1 per cent sodium bicar- 
bonate solution. Internal: Neutralize acid with aluminum hydrox- 
ide gel, 60 cc. (2 huidounces) ; 'milk of magnesia (magnesia magma) 
60 cc. (2 iluidounces) ; or 200 cc. (6% fluidounces of calcium hydroxide 
[lime-water]). Do not use stomach tube or emetics owing to danger of 
perforation. Avoid sodium bicarbonate because of gastric distention 
from gas formed. Give white of egg, 60 cc. (2 fluidounces), or olive 
oil, 200 cc. (6% fluidounces), for their demulcent and emollient action. 
Apply external heat. The pain should be controlled by injections of 
morphine. Intravenous saline may be of value. 

Hydrochloiuo Acid and ChIoORINE. Hydrochloric acid produces little 
industrial trouble, but chlorine is especially troublesome. Usually 
chlorine produces inflammation and a burning feeling in the throat. In 
severe cases lung edema may result. Few severe cases of poisoning, 
however, occur in industry. 

Treatment. — Kemove patient to fresh air, loosen clothing about the 
neck, and keep him warm. Administer oxygen in all cases. In severe 
cases venesection of from 400 to 600 cc. is indicated and should be per- 
formed early. This procedure often prevents development of edema 
of the lungs. The administration by vein of 10 per cent dextrose in 
physiological saline following venesection may be indicated to combat 
shock. Morphine sulfate, for relief of pain and excitement, may be ad- 
ministered early but with due precaution. It is contraindicated in 
the presence of pulmonary edema and respiratory difficulty. 

Oxygen therapy is indicated if pneumonia occurs. Sulfa drugs are 
indicated if a specific infection occurs in the injured lung. Excess 
coughing may be controlled with codeine phosphate. 

Acute poisoning produces symptoms similar to those of sulfuric acid, 
but differs in being less destructive. Hydrochloric acid is also volatile 
and more liable to attack the respiratory passages. 

Nitric Acid and Oxides of Nitrogen. The manufacture of nitric 
acid and its use in industry is of toxicological significance. Nitric acid 
escaping in the air results in the formation of toxic nitrous and nitric 
oxide fumes. These fumes are irritating and caustic to the membranes 
of the respiratory tract. 

Nitric acid is difficult to retain because of its extreme caustic action 
on substances. The acid is used in many industries, including manu- 
facture of high explosives, nitrocellulose for celluloid, photographic 
films, lacquers, etc. Nitrous fumes are produced in welding under 
the intense heat of oxyacetylene or electric torch. 

The oxides of nitrogen are extremely caustic on the respiratory 
tract. They produce a congestion of the throat, often edema of the 
glottis, and bronchial congestion. Edema of the lungs may result, 
follow'ed by death. Pneumonia may develop. In exposure to large 
quantities death may occur rapidly and the only autopsy finding may 
be nitric acid in the blood. 

Treatment. — Administer oxygen. McNally recommends passing the 
oxygen through ammonium carbonate (2 Gm. to 1.5 ounces of winter) 
then into each nostril by means of an intranasal tube. Administer 
intravenously 50 to 100 cc. of 60 per cent dextrose twice daily, for 
relief of pulmonary edema. Sedatives may be given if necessary. If 
pneumonia occurs, treat with sulfa drugs. 

Persons affected by chronic exposure may be aided by intravenous 
salyrgaii. Kestlessness may be treated by sedatives such as sodium 
bromide, phenobarbital, or pentobarbital. Treat any symptoms that may 
arise. 
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Acut6 PoisoniDg * — The symptoms produced are similar to those in 
sulfuric acid poisoning. There is no tendency to char the tissues, and 
therefore perforation occurs less frequently. Inhalation of fumes 
is more prone to cause inflammation and edema of the lungs. Treat 
as for sulfuric acid. 

Hydrogen Fluoride and the Fluorides 

Hydrogen fluoride, a very caustic acid, is used in frosting electric 
light bulbs, preparing metal for coating, for cleaning sandstone and 
marble, frosting glass, and removing porcelain enamel. Recently it 
has been used as a catalyst in the manufacture of high octane 
aviation fuel. Fluorides are used in smelting steel and aluminum 
and are given off in the production of superphosphate from phosphate 
rocks. Poisoning often occurs in the recovery of aluminum from 
cryolite, a double fluoride of sodium and aluminum with about 54 
per cent fluorine. Acute poisoning may result from the accidental in- 
gestion of sodium fluoride, a common constituent of rat and roach 
poisons. 

Chronic fluorosis is characterized by mottled enamel of the teeth, 
osteosclerosis, and osteomalacia. Anorexia, loss of weight, cachexia, 
and anemia often are present. 

Treatment. — In acute poisoning, lavage with limow’ater or a weak 
solution of calcium chloride. Administer 10 to 120 cc. of 10 per cent 
calcium gluconate by vein, one to three times daily. The calcium 
tends to counteract the calcium deprivation caused by the fluorine. 

If cyanosis is present, administer oxygen intranasally. Respiratory 
and circulatory stimulants may be indicated, such as 7 per cent carbon 
dioxide in oxygen by inhalation, metrazol (0.1 to 0.3 Gm.) intra- 
muscularly. 

Codeine phosphate (30 to 60 mg.), repeated every four to six hours 
may be indicated in coughing. Ephedrine sulfate (24 mg.) may be 
useful if symptoms of bronchial asthma appear. Hurned areas may 
be treated with a saturated solution of sodium bicarbonate. Suitable 
ointments may be indicated. 


Alkalies • 

The alkalies used in industry are numerous. They include potassium 
and sodium hydroxide, sodium carbonate, and others. All of them 
produce a more or less caustic action on the skin but present no great 
problem in well-organized plants. Ammonia, being a gas, is more of 
a problem in industry. Leaks and breaks in refrigeration plants, 
storage battery manufacture, and rubber vulcanization may be com- 
mon sources of ammonia poisoning. 

Acute Poisoning. 8ymptoms.-~The effects of the caustic alkalies 
(KOH, NaOH) are similar to corrosive acids. Their action is due to 
rapid absorption of water from the tissues, and to combination with 
fat and protein. Burning pain from mouth to stomach, difficulty in 
swallowing, tissue destruction, vomiting, and purging of blood and 
mucous are common symptoms. Cold clammy skin, dyspnea, feeble 
pulse, convulsion, and coma may soon follow. Delayed perforation or 
stricture may occur. For acute ammonia poisoning the symptoms are 
similar to those described; in addition, a certain amount of the gas 
is inhaled, causing inflammation and edema of the respiratory 
passages. 

Treatment. — ^Flood water over external burns and then w^h with 
vinegar. Wash eyes with a saturated boric acid solution. \^en talmn 
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internally, neutralize with vinegar, 100 cc, (3^ fluidounces) or hydro- 
chloric acid, 100 cc. (31^ fluidounces of 0.5 per cent). Olive oil, white 
of egg, and demulcent drinks *are indicated. Caution: I?o not use 
stomach tube or emetics. 


Lead 

Lead is of interest primarily because of its toxicological properties. 
It is looked upon universally as the industrial poison of greatest 
significance. The toxic action of lead was recognized by Hippocrates, 
who described a severe attack in a man who worked with metals. The 
syndrome of lead poisoning was fully described by Discorides in the 
first century a.d. The first record of experimental investigations on 
lead occurred in a treatise on toxicology by Orfila in 1814. 

Lead is a slow-acting, subtle, but powerful poison. The early symp- 
toms are often mild and, unless detected and treated, may progress to 
a chronic and severe illness. 

Absorption. — Lead enters the body either through the lungs, by in- 
gestion, or possibly through the broken skin, although this last- 
mentioned route is of little significance industrially. Any acute ill- 
ness attributed to lead deserves a thorough investigation as some 
other substance may also be the cause of the illness. 

Except for the exceedingly rare cases, it is the inhalation of lead 
fumes or dust which cause lead intoxication. 

Storage, Distribution, and Excretion. — Following absorption from 
the intestinal tract, the metal passes to the portal circulation. 
A portion of this lead never reaches the systemic circulation for 
it is excreted into the bile and lost in the feces. Lead enters 
the body through the lungs and gains direct access to the sys- 
temic circulation. When lead once reaches the circulation, it 
is rapidly taken up by the tissues. The highest concentrations are 
found in the liver and kidneys. The element soon migrates from 
the soft tissue to the bone, where it is dex>osited in the trabeculae as 
the soluble tertiary phosphate salt. The metal may remain for a long 
period of time fixed in bone where it is probably harmless. 

Lead is excreted primarily by way of the intestinal tract and 
kidneys. During exposure, much of the lead in the feces represents 
that which has never been absorbed. If a person exposed to lead 
is removed to lead-free environment, the amount of lead in the feces 
rapidly diminishes until it represents that portion of lead which is 
being eliminated through the intestine. 

During exposure the lead content of the feces is roughly propor- 
tional to the intensity of the exposure and serves as an approximate 
index of its severity. On the other hand, the amount of lead in the 
urine gives some indication of the amount of lead which is free in the 
circulation. Urinary excretion, however, lags behind and does not 
increase directly with ingestion. The balance which exists between 
absorption, storage, and excretion is the main factor which determines 
the toxicity of lead. 

Causes of Lead Poisoning. — Lead poisoning is nearly always chronic 
in form because the absorption of the salts of lead usually proceeds 
too slowly to cause acute symptoms. 

Chronic industrial poisoning may occur in lead mining, smelting, 
and refining. Printers, painters, and pottery glazers are exposed to 
lead, and poisoning may occur. The manufacture of lead-containing 
products such as lead wire, sheet lead, bullets, storage batteries, etc., 
is a potential source of poisoning. Actually the industries in which 
lead is produced are too numerous to mention, and the majority are 
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too well known to make this necessary. It may be well to mention 
a point which is not generally known. For instance, the danger of 
contamination of air from molten lead starts at a much lower point 
than the temperature at which lead vaporizes. This is the greatest 
source of toxicity in printers, as fumes may come from remelting 
kettles and from monotype and sterotype machines. 

Acute Lead Poisoning. — This condition is extremely rare. The only 
common soluble salt is the acetate (sugar of lead) and this is toxic 
only in large doses. 

The usual symptoms include sweetish metallic astringent taste, 
a sense of constriction of the throat, vomiting, and constipation. The 
feces are usually black, and the urine is suppressed. Headache, 
drowsiness, cramps, and occasionally paralysis of the limbs may be 
observed. The patients usually recover but may exhibit symptoms of 
chronic poisoning. 

Treatment consists of washing the stomach with a substance of 
magnesium or sodium sulfate, followed by water washing to remove the 
lead sulfate formed. Wash out bowel at regular intervals to remove 
excreted lead. Administer milk in large quantities, and control colic, 
by means of atropine or morphine. 

Post-mortem appearances are those of acute gastroenteritis. 

Chronic Lead Poisoning. — Chronic lead poisoning is extremely im 
portant in connection with industry and factory practice, but has little 
criminal significance, the only cases arising in connection with attempted 
abortion. 

Symptoms: The early signs of lead poisoning include an ashen ap- 
pearance of the skin, anemia, and the appearance of a blue line along 
the gums. The blue line is on the gums (not on the teeth) only near 
dirty or carious teeth. The blood shows stippling of the red cells with 
basophil granules, and there may be hematoporphyrin as well as lead 
in the urine, and lead in the stools. If lead is not present in the urine, 
its excretion may be stimulated, for diagnostic purposes, by the adminis- 
tration of potassium iodide or parathormone. 

Severe colic may be associated with the above symptoms. The patient 
may have a loss of appetite, show a general weakness, have a metallic 
taste and foul breath. 

More advanced symptoms include pains in the joints; paralysis, espe 
cially of the extremities of the hands, causing wrist drop ; severe frontal 
headache; and muscle atrophy, especially of the legs. Drowsiness, irrita- 
bility, arteriosclerosis, optic neuritis, and chronic nephritis may occur. 

Diagnosis: The diagnosis of lead poisoning, after years of study, is 
still a subject of controversy. The physician must prove: first," ex 
posure to lead; second, absorption; third, intoxication or injury. Ab- 
sorption of lead is shown by its presence in the blood and in the feces 
and by its effect on the blood cells. For the diagnosis of lead poisoning 
there must be a picture of clinical intoxication based on subjective and 
objective symptoms. These have already been mentioned. 

Treatment of Chronic Lead Poisoning : Treatment consists essentially 
in preventing further absorption, keeping up the general condition of 
the patient, and allowing normal excretion. Excretion takes place by 
way of the bowel and kidney, and is not greatly aided by the use of 
drugs, though potassium iodide used with care may be of some value. 

Some attempt should be made to get rid of the stored lead by main- 
taining a negative calcium balance and altering the carbon dioxide com- 
bining power of the blood. A diet poor in calcium is given, and am- 
monium chloride is administered in doses of 1 Gm. in water about every 
two hours. Parathormone has been suggested since it produces a nega- 
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tive calcium balance by withdrawing calcium from the bones. Lead, like 
calcium, is deposited in the bone and its deposition and mobilization can 
be controlled. The object of treatment is to rid the body of lead at a 
moderate rate so that symptoms of toxicity do not appear. If severe 
symptoms do arise, the mobilized lead is redeposited by feeding a diet 
high in calcium and vitamin D. 

The following treatment of lead intoxication has been adopted at 
the Golden State Hospital in Los Angeles. It is a simple and work- 
able regime: 

1. All patients with proved plumbism are withdrawn immediately 
from their occupational exposure. Even if the clinical and labora- 
tory findings indicate a questionable or borderline case, the worker is 
transferred to a type of work involving no exposure to lead. 

2. In those cases with mild intestinal colic, calcium is given by 
mouth, good intestinal elimination is encouraged, and the patient is 
advised to continue to work. 

3. In cases of severe intestinal colic, the patient is hospitalized and 
intravenous calcium therapy is instituted. This is continued until 
the more violent colic has subsided, at which time calcium by mouth 
is given. All calcium therapy is stopped upon the cessation of in- 
testinal discomfort. 

4. To the general hospital diet, 20 minims of viosterol is added. 

5. For the anemia, which invariably is present in the severe cases, 
ferrous sulfate is prescribed. 

Under this regime it was not necessary to use morphine, atropine 
sulfate, nitroglycerin, or amyl nitrite, which are commonly used in 
other methods of treatment. 

UAL has been reported as probably useful in the diagnosis and 
treatment of lead poisoning (Telfer, .T. G.: J. A. M. A. 135: 835, 
1947). The urinary lead is distinctly increased by its administration. 
The amount of lead eliminated by a single dose (5 mg.) is too small to 
have therapeutic significance and repeated injections are liable to 
induce toxicity (Ryder et al., 1947). 

Metal Fume Fever 

Metal fume fever is found in workmen engaged in smelting brass or 
zinc or electric arc welding. It is not a true metal poisoning but is the 
result of damage to the epithelial cells of the respiratory tract. Ab- 
sorption of these altered proteins of the cells causes a reaction such as 
occurs in typhoid fever. Cases are becoming numerous. 

Symptoms appear two to tw'elve hours after exposure. Chilling of 
the body is often the exciting cause, and cases are more numerous in 
the winter. The actual chill is preceded by a feeling of dryness in the 
throat, with cough; oppression in the chest; occasionally nausea, and 
rarely vomiting. The ^ill is followed by sweating and general weak- 
ness, which disappears by morning and the patient returns to work. 

The hazard is the zinc product mostly, because ^vanized steel is 
95 per cent or more zinc and only 1 per cent lead. However, the same 
condition may occur in manganese, copper, brass, and bronze welders. 
Fortunately iron and aluminum oxides do not cause these reactions. 
The new types of alloys being developed contain manganese, selenium, 
arsenic and cadmium, and all arc toxic. The necessity of welding stain- 
less steel and aluminum has caused the inhalation of calcium luoride 
which is extremely caustic to the respiratory tract. 

Treatment. — Preventive treatment is important. The toxic fumes 
should be controlled at their source. Masks and respirators and, 
better still, proper ventilation is of paramount importance. 
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No specific treatment is indicated. may be afforded by the 

administration of acetylsalicyJic acid (0.6 Om.) and codeine phosphate 
(30 mg.) every four to six hours. The forcing of fluids, the use of 
hot drinks, and rest are of value. 


Oadxuitim 


Cadmium, of late, has become of increasing iniportanco in industry 
as an ingredient of alloys, and in electroplating. Poisoning y®® 
cadmium is a rare lindiiif?. but apparently many cases ^fo unrecognizea. 
Poisoning usually occurs from accidental overheating of cadnaium. 
Poisoning has been reported also from eating acid-containing 
left standing in cadmium-plated cooking utensils or * ice-cube 


Ssanptoma. — The action of cadmium fumes and dust is primarily 
on the lungs. The symptoms resemble those of nitrous fume poisoning 
— weakness, dyspnea, pain in the chest, coughing, and profuse sweat- 
ing. 

Treatment: Prophylactic. — Workmen should wear respirators at 
all times when near cadmium fumes. 

A patient overcome with fumes should bo placed immediately within 
an oxygen tent. Patients less seriously affected may obtain relief 
from the following drugs: acetylsalicylic acid 0.6 Gm. (10 gr.) every 
four to six hours; capsules containing acetylsalicylic acid 0.3 Gin. (5 
gr.), phenacetin 0.1.5 Gm. (2% gr.), and citrated caffeine 30 mg. (% 
gr.), at three-hour intervals. A combination of ephedrine sulfate 8 
rag. (% gr.), and amytal 24 mg. (% gr.), at four-hour intervals may 
afford some relief. 

Irrigation of the throat with a sodium chloride and sodium bicarbonate 
solution (one teaspoonful of each in a pint of warm water) may be 
undertaken. If irrigations are difficult, use the above .solution as a 
gargle. 


Selenium and Tellurium 


Selenium is used chiefly in glass and pottery manufacture, and also 
as a catalyst in making photo-electric cells. Tellurium, which is used 
to strengthen steel, gained importance during the war. 

Symptoms. — Selenium and tellurium both have much the same 
physiological action, but differ in that tellurium inhibits sweat, 
selenium does not. Both cause a garlic odor to the breath before 
symptoms of poisoning occur. Other common symptoms include dry- 
ness of the mouth, metallic taste, scaly itchy skin, anorexia, nausea 
and vomiting. Drow.siness and apathy are characteri.stic symptoms. 

Treatment. — No specific treatment is available. Remove patient from 
exposure. The u.se of diuretics to secure elimination may be u.seful, e.g., 
ammonium chloride, 1 Gm. (15 gr.), three times daily. Magnesium 
sulfate, 15 to 30 Gm. {Vi to 1 ounce) is also useful. 

Treat upper respiratory symptoms. Intravenous 50 per cent dextrose, 
50 to 100 cc., may aid edema of the lungs. Inhalation of oxygen by 
intranasal tube, or by use of a tent, may be needed. A diet high in 
carbohydrates and ricli in vitamin B complex has been suggested. 


Cyanides and Hydrocyanic Acid 

Sodium and potassium cyanide are used on a large scale in industry 
in electroplating, cleaning and coating silver, hardening steel, tanning, 
and in calcium cyanide as a fertilizer. Hydrogen cyanide is used for 
the fumigation of ships and homes and for the destruction of plant 



TOXICOLOGY 


101 


parasites. Acrylonitrile (CHaCHCN COOH), is a new industrial 
cyanide used in the production of synthetic rubber. The latter re- 
sembles hydrocyanic acid very closely in toxic action. Acute poison- 
ing from cyanides is rare and chronic poisoning is even more so. 

Suicide and homicide continue to be the chief factors in fatal cyanide 
poisoning. Sodium cyanide, potassium cyanide, hydrogen cyanide 
(hydrocyanic acid), and calcium cyaiiamide, are the chief compounds 
of interest. 

Symptoms. — The cyanide salts produce corrosive action in the upper 
respiratory tract and especially in the stomach; after absorption the 
cyanide radical inactivates certain oxidative enzymes of the tissues 
which prevent tissue utilization of oxygen carried by the blood. In 
early cyanide poisoning cyanide reflexly stimulates respiration by 
action on the sensory nerve endings in the carotid body. 

The symptoms are dizziness, vertigo, palpitation, dyspnea, cyanosis, 
and unconsciousness. Circulatory function may be strong or weak; 
the pupils are dilated. Vomiting frequently occurs before loss of con- 
sciousness. Such vomitus often has the characteristic peach-kernel 
odor. 

The fatal dose of sodium or potassium cyanide is about 0.25 Gm. 
(4 grains). Hydrogen cyanide is about twice as toxic as its salts. 
Cyanide salts are rapidly ahsorhed from the alimentary tract, cyanogen 
(CjN,) and hydrocyanic acid from the respiratory tract. Cyanide is 
oxidized in the body to cyanate and sulfocyanate and is then excieted 
in the urine. Death is caused by asphyxiation. The autopsy finding 
are those of asphyxia. Diagnosis may be aided by the characteristic 
peach-kernel odor of the vomitus. Air hunger out of proportion to 
the degree of cyanosis or in the presence of bright venous blood is sug- 
gestive. 

Treatment. — 

1. Amjd nitrite inhalation. 

2. Sodium nitrite, intravenously, 0.3 Gm. in 10 cc. of sterile 

distilled water. 

3. Sodium thio.sulfate, intravenously, 12.5 Gm. in 50 cc. of sterile 

distilled water. 

Rationale of Treatment. — The treatment depends upon the preven- 
tion of muscular rigidity and convulsions by the action of amyl nitrite. 
Sodium nitrite converts hemoglobin into metheraoglobin which more 
readily unites with the hydrogen cyanide, forming cyanmethemoglobin. 
The sodium thiosulfate synergizes the action of sodium nitrite. 

Chlorinated Hydrocarbons^ 

These solvents are noninflammable, have excellent solvent action, 
and are useful as textile cleansers, solvents for rubber and gums, 
degreasers of metal, and as cellulose lacouer thinners. They are used 
also in the production of high-grade lubricating oils, manufacture 
of vegetable oils, the purifleation of explosives, and Cor refrigeration. 
Important chlor compounds include the following; 

Carbon Tetraciiu)RIDe (CCI4). This compound is used as a chem- 
ical fire extinguisher, for dry cleaning, and medically as an anthelmin- 
tic. 

Symptoma. — Carbon tetrachloride is a narcotic with an action much 
like chloroform though not as strong. The aftereffects seem to be 
more serious than those of delayed chloroform poisoning and they oc- 
cur more often. The symptoms observed from industrial poisoning 
are those of acute narcotic intoxication, followed by signs of liver 
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and kidney damage. The history is usually one of nausea, vomiting, 
abdominal pains, diarrhea, headache, dizziness, dark-colored urine, 
jaundice, and increasing oliguria with urine containing albumin and 
casts. Complete anuria may occur. 

Chronic poisoning resulting from prolonged exposure to small 
amounts of carbon tetrachloride may sometimes be encountered. It 
rarely occurs, however, and the symptoms are less characteristic than 
the acute type. 

Treatment. — ^Poisoning may be prevented by proper ventilation. 
The possibility of skin contact should be eliminated. The diet of 
workers should be high in calcium, and alcoholic beverages should 
be avoided. 

When poisoning does occur, treatment is directed at repair of 
liver and renal damage and restoration of blood chemistry. Patients 
are given a high calcium intake to prevent liver and renal damage. 
Twelve grains of calcium gluconate may be given orally each day and 
intravenous injections of 10 cc. of 10 per cent solution of calcium 
gluconate three times daily. A diet high in carbohydrates and low 
in fat and proteins is indicated. The intravenous administration of 
2,000 to 3,000 cc. of 10 per cent dextrose in physiological saline, daily, 
is indicated. Other medication may be necessary, including diuretics, 
cathartics, and blood transfusions. 

Trichix)ROETHYLENE (CHCl.CCl,). Next in importance and use<l 
often for the same purpose as carbon tetrachloride is trichloroethylene. 

Symptoms. — Trichloroethylene is less toxic than carbon tetrachlo- 
ride but possesses an acute narcotic action like chloroform. Acute nar- 
cosis is a characteristic symptom. Psychic disturbances are well 
knoHTi; hysteria is common; trichloroethylene addiction is well estab 
lished; personality changes take place. Minor elTects include head- 
ache, dizziness, anorexia, nausea and vomiting. 

Treatment. — ^Proper ventilation is an important prophylactic meas- 
ure. Exposed areas on workers may be protected by a suitable oint- 
ment containing equal parts of petrolatum and rose water ointment. 

When acute poisoning occurs, artificial respiration may be indicated. 
Inhalations of oxygen and 5 to 7 per cent carbon dioxide are most 
valuable. In shock, transfusions of citrated blood and the intra- 
venous infusion of 1,000 cc. of 10 per cent dextrose in normal saline 
solution are administered. 

If the patient has been exposed to phosgene resulting from decom- 
position of trichloroethylene by gas flames, the picture may be one 
of pulmonary edema, dyspnea, and cyanosis. Respiratory and circu- 
latory stimulants are indicated and probably venesection of 500 cc. 
in pulmonary edema. 

Ethylene Dichlorioe (ClCIIj.CIIaCl). — This compound is an excellent 
solvent but a dangerous poison. It is used in the separation of wax 
from petroleum, in dry cleaning, in oil purefaction, in the production of 
photographic Alms, and in the paint industry. 

Symptoms. — ^The narcotic action is about equal to that of carbon 
tetrachloride but there are less serious aftereffects. Symptoms com- 
monly present, after long exposure, include anorexia, nausea, vom- 
iting, epigastric distress, drowsiness, tremors, and nystagmus. Severe 
dermatitis of the hands, leukocytosis, and liver disturbances have been 
reported. 

Treatment. — Remove patient from fumes and treat with calcium 
and a Ki^h carbohydrate diet. As in the treatment of the other 
solvents, intravenous infusions of 5 to 10 per cent dextrose in physi- 
ological solution of saline are indicated. 
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Chlorinated Naphthalenes. — These are excellent insulating waxes 
for electrical insulation. In this country, Halowax has been the 
source of a skin lesion called ‘ ' cable rash. ' * 

When higher members of this group, penta- and hexa, came into 
use, cases of fatal jaundice, and acute yellow atrophy of the liver 
were reported. 

Treatment. — ^Proper ventilation is indicated to prevent toxic man- 
ifestations. No specific treatment is available. Tlie skin lesions may 
be treated by quartz light and x-ray therapy. The pustules may be 
opened and treated locally with sulfathiazole ointment. The liver 
damage may respond to a high carbohydrate diet, with adequate fluid 
intake and intravenous infusions of 5 to 10 per cent glucose in saline. 

Coal Tar Benzene or Benzol 

Benzene (C«H*) is one of the most dangerous of industrial solvents. 
The basic pathology underlying benzene poisoning is that it acts 
chiefly on blood-forming tissues, the marrow of the long bones, and 
the lymphatic structures, producing anemia and granulocytopenia 
with loss of ability of the blood to clot. Chronic poisoning is of far 
more importance in industry than acute. 

Symptoms. — The clinical picture of chronic benzol poisoning in- 
cludes progressive weakness, dizziness, headache, and vomiting. Next, 
purpuric spots appear on the skin. Bleeding from the gums, throat, 
and nose is common. An examination of the blood during the bleed- 
ing stage shows marked changes, an anemia of the nonregenerative 
type, granulocytopenia, and prolonged bleeding and clotting time. 
Diagnosis may be easy if benzene exposure has been reported. 

The newer knowledge of benzene poisoning may be summarized as 
follows:* 

1. The diagnosis of benzene poisoning, mild or severe, must be made 
on the whole blood picture, and the earliest and most frequent devia- 
tion from the normal consists in a fall in the red cell count and an 
increase in the mean corpuscular volume of the red cells. A fall in 
platelet count and a reduction of hemoglobin follow in frequency, but 
a fall in the white cell count is less characteristic of early poisoning 
than any of the above. Anemia and macrocytosis are the changes 
to be looked for. 

2. Increase of urobilinogen and deviation from the normal urine 
sulfate partitions were not found to be of value in diagnosis. 

3. Bleeding time and coagulation time were of no aid, being pro- 
longed only in severe cases. 

4. (finical symptoms, w'eakness, fatigue, epistaxis, dryness of the 
throat, anorexia, nausea, dizziness, insomnia, were of dubious value, 
because, although they were present in workers exposed to benzene 
more than in controls, they were absent in some cases of serious 
poisoning. 

5. Purpura, particularly bleeding from the mucous membranes, was 
relatively rare, being absent in some severe cases. 

6. In severe poisoning the blood may show changes like those in 
pernicious anemia. 

7. An aplastic marrow is not typical of benzene poisoning; hyper- 
plasia may be found even more often. 


^Benzene (Benzol) Poisoning Symposium, J. Indust. Hyg. & Toxicol. 
j 321, 1939# 
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8. A study of the hyperplastic cases reveals what may be called 
a neoplastic tendency, rapid growth as shown by mitotic figures, the 
development of cells having no counterpart in normal tissues but being 
common to a variety of malignant tumors. 

Carbon Disulfide 

Carbon disulfide (CSj) is a heavy volatile liquid of characteristic 
odor and insoluble in water. It is highly inflammable. 

Sources of Poisoning. — Carbon disulfide is an industrial poison. It 
is widely used because of its properties as an industrial solvent for 
sulfur, rubber, viscose, and other industrial chemicals. The chief danger 
to the worker is from inhalation of the vapor. 

Symptoms. — The symptoms of carbon disulfide poisoning are due pri- 
marily to its toxic action on the blood, converting hemoglobin to 
methemoglobin ; secondarily, because of its lipoid solubility it quickly 
attacks the nervous system. 

Liquid carbon disulfide is highly irritating to the skin and mucous 
membranes. It produces a burning sensation; blistering is common and 
injury to nerve fibers may result from exposure. Acute poisoning is 
commonly associated with headache, nausea and vomiting, hyperemia of 
the skin, pain in the limbs, excitement or depression, and finally respira- 
tory paralysis. Chronic poisoning is characterized by headache, fatigue, 
anorexia, gastrointestinal symptoms, anemia, insomnia, visual dis- 
turbances, and paresthesias. Psychic changes are frequent. Neuritis, 
partial blindness and symptoms associated with degenerative changes in 
all parts of the central nervous system may occur. 

A teaspoonful of carbon disulfide may produce toxic symptoms. The 
inhalation of concentrations of 10 parts* per million of air may produce 
symptoms, and 50 parts per million of air may cause fatal poisoning. 
The liquid is absorbed from the gastrointestinal tract and the skin; 
the vapor is absorbed by the lungs. It is excreted unchanged by the 
lungs^ and^ kidneys. Death ^ is caused by central nervous system de- 
pression with respiratory failure. Chronic poisoning may lead to death 
from inanition, or hepatic insufiSciency. The autopsy findings show 
areas of degeneration throughout the nervous system. Degenerative 
changes are also found in the heart and liver. During life diagnosis 
is made by the history or by determination of the concentration of 
carbon disulfide in blood or expired air. 

Treatment. — Acute Poisoning (rare) : 

1. Gastric lavage — warm water. 

2. Artificial respiration—CO,, 5 per cent, and 0„ 95 per cent. 

3. Blood transfusion. 

Chronic Poisoning: Adequate ventilation is the most important fac- 
tor as a prophylactic. Monthly medical examination for those exposed 
is indicated. 

No specific treatment for chronic carbon disulfide poisoning is known. 
A diet high in vitamin B complex, supplemented by 50 to 60 mg. of 
thiamine chloride, parenterally, daily, and 200 mg. of nicotinic acid 
daily, 1 mg, of riboflavin three times daily, and 20 mg. of vitamin B«, 
parenteraUy, twice daily. A program of mental hygiene is recom- 
mended. An ophthalmologist should be consulted on problems related 
to the eyes. 

Carbon Monoxide ' 

Carbon monoxide (CO), a colorless, odorless, and tasteless gas, is the 
most prevalent and most insidious of the toxic gases encountered in mod- 
em emlixation. Its victims are found in domestic life, in transporta- 
tion, and in industry. 
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Sources. — ^Automobile exhaust gas contains about 7 per cent of car- 
bon monoxide. Mine explosion gases, industrial blast furnace gas, 
and fuel gases contain 8 to 30 per cent carbon monoxide. Furnace gases 
in homes contain about 1 per cent carbon monoxide. Lack of proper 
maintenance, improper construction, and defective ventilation are fre- 
quent causes of carbon monoxide poisonings. Automobile exhaust gas 
from running motors in closed garages or in repair shops results in 
many carbon monoxide poisonings each year. While natural gas con- 
tain no carbon monoxide, manufactured gas, so widely used as fuel, 
contains about 20 per cent. 

Physiological Effects of Carbon Monoxide. — Carbon monoxide has an 
affinity for combination with hemoglobin of the blood approximately 300 
times that of oxygen. In an atmosphere containing this gas the oxy- 
hemoglobin of the blood is converted to carbon monoxide hemoglobin, 
thus excluding the necessary supply of oxygen to the body tissues and 
ultimately resulting in asphyxiation if the concentration of carbon 
monoxide in the air breathed and the duration of exposure are sufficient. 
The reaction between carbon monoxide, oxygen, and hemoglobin is a 
reversible one, following the well-known “mass law“ of chemistry. In 
the presence of fresh air or oxygen the reaction proceeds in the reverse 
manner: oxyhemoglobin is formed and carbon monoxide is eliminated. 
Carbon monoxide is classified as a chemical asphyxiant, not as a direct 
tissue poison. 

The erythrocytes are not injured by the combination of carbon mon- 
oxide with hemoglobin. They are deprived of their vital oxygen-carry- 
ing function. After removal of carbon monoxide from the blood, how- 
ever, their normal function is restored. The sequelae of carbon mon- 
oxide poisoning are attributed to the extent and duration of the anox- 
emia caused by the formation of carbon monoxide hemoglobin. It is for 
this reason that it is important to eliminate the carbon monoxide from 
the blood as soon as possible in order to prevent permanent tissue dam- 
age. 

Bate of Absorption. — The rate at which carbon monoxide hemoglobin 
is formed in the blood is dependent upon the concentration of the gas 
in the air breathed, the duration of exposure, the activity of the in- 

Table V 

Predominating Symptoms op Carbon Monoxide Poisoning 


PER CENT blood 
SATURATION 


No symptoms 0-10 

Tightness across forehead; slight headache, 10-20 
dilation of cutaneous vessels 

Headache; throbbing in temples 20-30 

Severe headache, weakness, dizziness, dimness 30-40 

of vision, nausea and vomiting, collapse 
Same as previous; more tendency toward col- 40-50 
lapse and syncope; increas^ respiration 
and pulse 

Syncope, increased respiration and pulse ; coma 50-60 

with convulsions; Cheyne-Stokes respira- 
tion 

Coma with intermittent convulsions; depressed 60-70 

heart action and respiration ; possibly death 
Weak pulse and slowed respiration, respiratory 70-80 
failure and death 
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dividual, and to a less extent upon age, high temperature, humidity, 
and individual susceptibility. 

Sayers and Yant found the symptoms as recorded in Table V as the 
percentage of carbon monoxide increased. 

On the other hand, Gettler (Am. J. Clin. Path. 13: 169, 1943) found 
that 25 per cent of persons died from carbon monoxide saturation of 
less than 60 per cent; 28 per cent died from saturation between 60 and 
70 per cent, and 48.5 per cent died from saturation between 70 and 88 
per cent. 

Elimination of Carbon Monoxide. — ^Removal to fresh air is^ of first 
importance in the treatment of carbon monoxide poisoning^ in order 
that replacement of oxygen for the combined carbon monoxide in the 
blood may be accelerated. Under such conditions about 50 per cent 
of the carbon monoxide is eliminated during the first hour. However, 
complete elimination requires several hours. Elimination of carbon 
monoxide may be speeded up by administration of pure oxygen or a 
mixture of oxygen plus car&n dioxide (93:7). The carbon dioxide 
stimulates the respiratory activity by increasing the frequency and depth 
of respiration. 

Concentrations of 400 to 500 parts of carbon monoxide per million 
parts of air have no appreciable effect after one hour of breathing, 
whereas four times this amount in one hour is dangerous and 4,000 parts 
per million are fatal in less than one hour. The exhaust gas of an au- 
tomobile contains 7 per cent carbon monoxide (70,000 parts per million 
parts air) and is sufficient to render the air in an average garage deadly 
in five minutes if the engine is allowed to run and the garage doors 
are closed. 

Acute Poisoning. — In acute carbon monoxide poisoning there may be 
an absence of subjective symptoms, the victim being either unconscious 
or in a state of much confusion. This acute form of poisoning is man- 
ifested by progressive paralysis of the central nervous system, and re- 
sults in an increase in pulse and respiratory rates; fall in blood pres- 
sure; loss of reflexes; loss of muscular control, especially the sphincters, 
and finally coma with intermittent convulsions; Cheyne-Stokes respira- 
tion; slowing of pulse; slow and shallow respiration; cessation of 
respiration; death. If the patient recovers, permanent damage may 
have b^n done to the brain, due not to absorbed carbon monoxide but 
to an insufficient supply of oxygen in the blood. It is the intensity 
and duration of the period of asphyxiation which are related to such 
late symptoms and sequelae as are listed by Mayers. 

1. Headache 

2. General weakness, especially of the muscles. 

3. Pain in the limbs, with or without numbness or tingling. 

4. Tremor. 

5. Palpitation of heart, with shortness of breath. 

6. Attacks of intense pain or pressure over heart region, re- 

sembling angina pectoris. 

7. Anemia. 

8. Extreme dryness of throat. 

9. Various mental or nervous symptoms. 

OliFOliic Poisoning. — There may be no such thing as chronic carbon 
monoxide poisoning per se. If you are going to have poisoning, so 
called, from repeated acute exposures, then this condition should be 
known clinically as encephalitis or postasphyxial myelitis. Nevertheless, 
whether there is chronic poisoning or not there is ample evidence that 
long periods of exposure to low concentrations of carbon monoxide 
are responsible for distressing symptoms which interfere with the health 
of the IndividnaL 
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The clinical picture is varied. In most cases the complaints are 
frequent headaches, nausea, vomiting, general muscular weakness with 
increased fatigue. Severe m^inifestations have been reported, such 
as loss of vision, narrowing of visual field, joint pains, and muscle 
spasms. 

The diagnosis of chronic exposure to carbon monoxide may be estab- 
lished by air analyses and by examination of the patient’s blood for 
carbon monoxide content. The blood sample, of course, must be taken 
during or immediately after the exposure because of the instability of 
carbon monoxide hemoglobin on removal of the patient to fresh air. 

Diagnosis. — The diagnosis of nonfatal carbon monoxide poisoning 
is not easy in the absence of a history of exposure to gas. With large 
concentrations of carboxyhemoglobin the skin may show a pinkish flush, 
but this is not always apparent in the living patient. Carbon monoxide 
should be suspected in obscure cases of coma attended by marked spas- 
ticity of the extremities and by the presence of h3rperactive and ab- 
normal deep reflexes, clonus, and signs suggesting bilateral involvement 
of the pyramidal tracts. 

To establish the diagnosis in nonfatal poisoning remove, as soon as 
possible, a sample of blood (15 cc.) for qualitative and quantitative 
chemical examination for the presence of carboxyhemoglobin. Quali- 
tative test: Dilute a few drops of blood, then add a few drops of 
10 per cent sodium hydroxide. A light pink solution will result and 
persist after the addition of the alkali. Normal blood will turn a green- 
ish brown on the addition of the alkali. Qualitative tests as well as 
spectroscopic tests for carboxyhemoglobin will give positive tests only 
if the concentration of carboxyhemoglobin in the blood is more than 10 
per cent. 

In fresh air, about half of the carbon monoxide in the system will 
be eliminated during the first hour of survival; after twenty-four 
hours, all the carbon monoxide will have disappeared. Thus for medico- 
legal purposes secure blood sample immediately after exposure. 

In acute carbon monoxide poisoning, many persons may survive for 
twenty- four hours or more. They may regain consciousness only to lose 
it again and die. A hypostatic bronchopneumonia may set in. At 
autopsy: patients surviving for more than twenty-four hours after 

poisoning may show a bilateral symmetrical softening or necrosis of 
the globus pallidus. 

Carbon monoxide is not a cumulative poison in the sense of being 
stored in the body. The critical examination of persons who have had 
repeated small exposures reveals the production of no known charac- 
teristic lesions. The condition of the nervous system and the cardiac 
lesions attributed to such exposure have been exaggerated. From 30 to 
75 per cent of the hemoglobin is saturated with carbon monoxide in 
carbon monoxide deaths. Lower percentages are found in those who die 
of short exposures. Quantitative determination of the carbon monox- 
ide content of the blood should be carried out with the Van Slyke 
manometric apparatus. 

Treatment. — Get patient into the fresh air immediately. If breathing 
has stopped or is irregular apply artificial respiration. Oxygen-carbon 
dioxide inhalation mav be indicated. Five per cent carbon dioxide 
in oxygen is preferable but pure oxygen may be used if this is not 
available. Carbon dioxide stimulates respiration and promotes the re- 
placement of carboxyhemoglobin with oxyhemoglobin. In those patients 
where breathing is difficult or has stopped artificial respiration by the 
Schaefer method should be given until normal breathing is restored. 
The application of external heat and a long period of rest are usually 
indicate for complete recuperation. Drugs are of little value in ear- 
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bon monoxide poisoning. Dr. Drinker says — is a fact that prac- 
tically every possible or impossible drug has been used in carbon mon- 
oxide poisoning, and it is doubtful if any of them influence the result." 

Note: Methylene blue, once thought to be an antidote, is of no value 
and is contraindicated. 

Rationale of Treatment. — The intoxication is due to the formation 
of carboxyhemoglobin by union of carbon monoxide with oxyhemo- 
globin. High oxygen tension tends to convert carboxyhemogloDin to 
oxyhemoglobin and thus to combat the anoxemia and anoxia. Carbon 
dioxide stimulates the respiratory center. 

Radioactive Substances 

The use of radioactive substances in industry is very recent. In- 
dustrial exposure to these substances occur in mining radioactive 
ores, testing the ores, making up radon seeds, and applying luminous 
paint to timepieces and apparatus. 

Radium is formed by the natural radioactive decay of its parent, 
uranium, which occurs in mineral deposits. Radium disintegrates 
and emits alpha rays. The alpha ray can travel about 50 microns in 
living tissue, and can do lethal damage to most of the cells through 
which it passes. 

Symptoms. — Industrial exposure to radioactive substances may 
produce pulmonary carcinoma, necrosis of bone, malignant growth 
of bones, and various primary blood diseases. 

Treatment. — ^Prevention of radium poisoning is directed against in- 
halation of dust. Individual glass masks are commonly employed. 
Suction ventilation should be used to keep the air relatively clean. 
Rigid personal hygiene such as washing of the hands, etc., is important. 
A complete blood count should be made once each month. The worker 
should undergo radon measurements (Evans). Prevention of radium 
absorption may be aided by an adequate calcium intake. 

In chronic poisoning, treatment is <lirected toward aiding radium 
excretion. Parathyroid extract plus large doses of ammonium chlo- 
ride have been recommended. Treat any existing anemia. 

Petroleum Distillates 

Petroleum and its distillates, gasoline, benzine, naphtha, petroleum 
ether, and kerosene are mixtures of hydrocarbons, paraflins, oleflns, 
naphthenes, and aromatics. These substances are narcotic poisons, 
but much larger doses are required to produce poisojiing than with 
other industrial solvents. 

Ssrmptoms. — In acute poisoning the symptoms are those of a nar- 
cotic drug — ^fullness of head, blurred vision, headache, dizziness, 
ataxia, and nausea. Massive doses result in sudden collap.se, coma, 
and sometimes death. Autopsy findings are not characteristic. Hem- 
orrhages in the lungs are often present. 

Chronic symptoms resulting from benzine poisoning include rest- 
lessness, vomiting, dyspnea, and tonic muscle spasms. Pains in the 
limbs, coldness and numbness in the hands, loss of strength and 
memory have been reported. 

Treatment — ^In acute poisoning the treatment is aimed at prevent- 
ing respiratory and circulatory collapse. In severe cases pulmonary 
edema may be best handled by positive pressure therapy. Oxygen by 
catheter or tent is indicated if positive pressure therapy is impossible. 

Keep patient warm. If circulatory failure is present, administer 
caffeine and sodium benzoate, 0.5 Gm. (7% grains), or metrazol, 0.1 
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to 0.3 Gm. (1% to 4% grains)^ intramuscularly. Pulmonary complica- 
tions should be treated if they arise. Treat nervousness and rest- 
lessness with such drugs as chloral hydrate, 0.6 to 2.0 Gm. (10 to 30 
grains), or sodium bromide, 0.6 to 2.0 Gm. (10 to 30 grains). Vene- 
section may be indicated to rid the body of methemoglobin. 

Petroleum distillate fumes produce conjunctivitis which may be 
treated by dropping 1:1,000 epinephrine solution into the eyes three 
to four times daily. Doric acid ointment and cold compresses may 
be of value. 

Chronic cases should be removed from exi)osure. A high caloric 
vitamin diet is indicated. Treat any anemia present with ferrous 
sulfate preparations. 

Synthetic Bubber 

New toxic substances have appeared with the manufacture of syn- 
thetic rubber, such as acrylonitrile, butadiene, and monomeric styrene. 
The first has been referred to under cyanides. 

Butadiene' is a gas with a mildly narcotic action. The vapors 
cause irritation of eyes and respiratory passages. Btyrene produces 
eye and nose irritation. Its fumes produce mild narcotic symptoms. 

Treatment. — Butadiene often protluces skin burns. It is interesting 
to know” that a patient frequently is unaware that his skin has been 
burned until several hours after contact. Anyone exposed to this 
substance should take a shower bath and change his clothes. Cala- 
mine lotion may be applied over the body. 


Toxicology of Other Drugs 


The reader is referred to the index for the toxicology of the various 
other drugs. 


War Gases 


A number of more or less poisonous gases are used in warfare. 
Kvery me<lical man shouhl be familiar with these substances in regard 
to recognition and immediate treatment. 

It is impo.s.sible to give a detailed account of the.se gases in this 
text. In general the gases so far used may be divided as follows: 

1. Lacrimators (Tear Gases) 

Ghloracetophcnone ((\Hft.('O.CIIjCl) (C.A.P.) 
Broinobenzylcyanide (('oHft.CllBr.rN ) (B.B.(\) 

2. Stern iitators (Nose Irritants) 

Diphouylchlorarsine { ('eH 5 )a.AsCl 
Diphenyl - cyanarsinc j ) j. s(^N 

.3. Pulmonary Irritants 
Chlorine (Cb) 

Phosgene (COOb) 

Diphosgene ( Cl.COOCt 3, ) 

Chloropicrin (C(lsNOj) 

4. Vesicants (Blister Gases) 

Mustard Gas (CHaCl.CHa),S 
Lewisite (Cl.CH:CH.AsCb) 

The tear and nose irritant gases are used primarily to cause tem- 
porary distress, and rarely cause casualties. High concentrations may, 
however, cause pulmonary irritation. The symptoms are obvious, and 
the treatment consists of washing the ears or the nose with 2 per 
cent sodium bicarbonate solution. 
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Phosgene (COCL*) may be taken as a tprpe of the pulmonary irri- 
tants. It is colorless but is recognized by its musty hay odor. 

Ss^ptoms. — There is coughing and difficulty of respiration with a 
feeling of burning and constriction in the chest. Longer exposure 
causes pulmonary edema and even death from asphyxia. Symptoms 
develop several hours after exposure. The majority of deaths occur 
during the first twenty-four hours. 

Treatment. — ^Place patient at absolute rest. Warmth is essential. 
Oxygen should be administered and irritating cough should be treated 
with codeine. Acidosis may be treated by the intravenous admin- 
istration of 500 cc. (1 pint) of 5 per cent sodium bicarbonate. For 
collapse, give caffeine and sodium benzoate, 0.5 Gm. (7V2 grains), 
subcutaneously. 

Mustard Gas or dichlorethyl sulfide is a liquid which vaporizes 
slowly at ordinary temperatures, giving off mustard gas. It has a 
mustard or garliclike odor. It is very penetrating. 

Symptoms. — On exposure, there is little effect for a few hours, 
after which the eyes and nasal passages show marked irritation. The 
throat becomes dry and burning, and vomiting and gastric pain soon 
foUow. During the first twenty-four hours the eyelids become 
swollen and blisters form on the skin. The whole respiratory tract 
may become inflamed, resulting in the production of areas of ul- 
ceration and necrosis. Bronchopneumonia may result and cause death. 

Lewisite is quite similar to mustard gas but the action is more rapiil. 
It may be complicated by symptoms of acute arsenical poisoning. 

Treatment. — Early treatment consists in removal of the patient to 
fresh air and immediate treatment of skin and eyes. 

Skin Treatment. — Mustard gas: Dab and cleanse skin with sponges 
dami^ned with gasoline (nonleaded), kerosene, alcohol, sodium hypo 
chlorite, or chloramine-T. Scrub skin with soap and water. Lewisite: 
Remove agent with peroxide or 10 per cent sodium hydroxide in glycerin. 

Eye Treatment. — Irrigate eyes immediately with a 2 per cent solu- 
tion of sodium bicarbonate. Petrolatum may be applied to the edges 
of the eyelids to prevent sticking. A 2 per cent solution of butyn 
may be instilled in the eyes to relieve pain. Do not use cocame or anti- 
septics in the eyes. 

Eyes contaminated with tlie liquid Lewisite should receive repeated in- 
stillations of 0.5 per cent hydrogen peroxide or 2 per cent sodium bi- 
carbonate. Expert attention is indicated in these cases. 

Late treatment of lesions produced by vesicants is as follows: Mus- 
tard: D^bride and apply sulfadiazine locally as a powder. Boric 

acid or Burrow ^s solution (diluted) as wet dressings may be useful. 
Finally, a triple-dye mixture or tannic acid solution may be sprayed 
on the lesion to produce a protective coating. Lewisite: Burns caused 
by this agent may be excised, even though the area involved is quite 
large (up to 12 sq. in.) ; they wdll usual!)' heal by first intention. BAL 
by local application and systemic administration is indicated (see 
under Arsenic). 

^METHODS OF DETECTION AND ISOLATION OF POISONS 

The methods employed in tracing the cause of poisoning and de- 
termining the nature and quantity of the poisons involved may be 
divided into three classes: (1) physical methods, (2) biological 
methods, and (3) chemical methods. The chemical methode are hy fat 
the most important, 

1. PbysiciU Metliods. — Various optical and colorimetric methods 
may be employed for detecting poisons. Colorimetric tests are 
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valuable in the detection of alkaloids. The refractive index may be 
employed in micromethods for detection of small amounts of poisons. 
The spectroscope is of utmost, importance in detecting poisons in the 
blood. 

2. Biological Methods. — These methods are of importance because 
of the great sensitivity of biological tests. Hatcher has been able to 
detect traces of strychnine much more readily by biological means 
than is possible by physical or chemical means. 

The pharmacologist may employ even plant life to aid in his hunt 
for poisons. Poisons may be detected by their effects on ferments; 
for example, formaldehyde, phenol, mercuric chloride, etc., may bo 
detected by their poisonous effect on yeast cells. Worms may be 
used for the detection of anthelmintics and other drugs. Blood 
corpuscles are often used for the detection of saponins, toxic albumins, 
and metals. 

Biological tests can generally be obtained with substances less pure 
than are required for chemical tests. They are most valuable for 
detecting substances like strychnine, atropine, physostigmine, aconite, 
‘^digitalis bodies/^ and veratrine. 

3. Chemical Methods. — ^The examination of the toxicologist consists 
chiefly of a chemical analysis of the organs, excretions, or tissues of 
the body in order to determine whether or not poisons are present. 

Poisons are chemical compounds. They exhibit characteristic boiling 
points, solubilities, color reactions, and other chemical reactions. On 
the basis of the various chemical properties poisons are isolated, purified, 
and identified. The chemical analysis should he performed by an ex- 
perienced toxicologist. 

CHEMICAL METHOBS OP TOXICOLOOICAL ANALYSIS 

A general knowledge of the principles and technique of a toxicological 
examination is indispensable to a physician. Such information will aid 
him in performing certain of the simpler toxicological tests and, of still 
greater iniportance, it will aid him in interpreting analyses made by the 
toxicologist. This knowledge is essential to a physician when called 
upon to testify in court. 

Preliminary Procedures. — The pathologist and toxicologist usually 
work as a team. The pathologist should examine the various structures 
and remove sections for future histological study. The material for 
chemical examination, after being examined by the pathologist, should 
be placed immediately by the pathologist in clean glass jars with tight 
covers. Each Jar should he properly labeled. 

Preservation or Tissues. — When immediate analysis is to be made 
or analysis for volatile material is indicated, no preservative is added. 
Tissues for analysis should be removed before the body is embalmed. 
When the analysis cannot be made immediately, the tissues should be 
preserved chemically or by refrigeration. Befrigeration is the method 
of choice. Alcohol (95%) or formaldehyde (4%) must not be used if 
ethyl alcohol or methyl alcohol, carbon monoxide, cyanide, or phenol is 
suspected. In the latter case use one part of salt to three parts of tissue 
until the removal of the volatile substances has been accomplished. 

Tissues to Be Examinep. — It is rarely necessary to examine the 
whole body. As a rule, the following organs are iinalyzed and in the 
following order: the stomach and contents, the intestines, the liver, 
spleen, kidneys, heart, lungs and brain; it may, however, be necessary 
to examine other organs. If the poison is know^ certain tissues known 
to contain the poison may be selected for examination. 
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Blood, urine, gastrointestinal contents, liver, lungs, kidney, and spleen 
should 1^ taken routinely. Any samples of vomitus or gastric washings 
should be saved. 

The materials best adapted for chemical analysis are : 

Table VI 

Material for Toxicological Analysis 


POISON 

blood 

s 

D 

vomitus 

BRAIN 

liver 

kidney 

» 

o 

-< 

g 

(A 

H 

p 

te 

1 

FECES 

BONE 

Acids 



X 




X 

X 



Alkali 







X 

X 



Alcohol 

X 

X 


X 







Benzene 

X 

X 


X 

X 






Cyanides 

X 


X 

X 

X 


X 




Chlorates 

X 

X 

X 


X 


X 

X 



Carbon tet- 











rachloride 


X 

X 


X 


X 




Barbitals 

X 

X 


X 

X 


X 




Alkaloids 


X 

X 

X 

X 


X 

X 



Strychnine 



X 

X 

X 


X 




Nicotine 



X 

X 



X 

X 



Morphine 



X 

X 

X 


X 




Antimony 



X 


X 

X 

X 

X 

X 

X 

Arsenic 

X 

X 

X 


X 


X 

X 

X 

X 

Fluoride 

X 


X 


X 


X 

X 

. 


Lead 

X 

X 

X 

X 



X 


X 

X 

Mercury 



X 

X 


1 X 

1 X 

X 

X 


Phosphorus 



X 



X 


X 



Phenol 


X 

X 




X 




Carbon mon- 


X 









oxide 

X 











Preparation op Material to Be Examined. — After the tissues have 
been examined (gross appearance, color, odor), they should be weighed 
and finely divided by means of scissors or meat grinder. The mixture 
is divided into four equal parts: one part for control and preliminary 
tests; one part for the volatile poisons; one part for fixed organic 
poisons (nonalkaloidal, alkaloidal) ; the fourth part for metals. Poisons, 
from the analytical point of view, may be conveniently divided into 
four classes: (1) volatile poisons obtained from suspected material by 
steam distillation, (2) nonalkaloidal organic substances, soluble in ether 
in the presence of acid, (3) alkaloids, soluble in ether or chloroform in 
the presence of alkali, and (4) mineral poisons. 

THE SCHEME OF CHEMICAL ANALYSIS 

Volatile Poisons 
(Steam distillation) 

Procedure: Weigh out 100 Gm. of tissue; place it in a distillation 
flask inth 100 cc. of water and a crystal of tartaric acid; connect to 
a Liebig condenser. Fit an adapter to the condenser tube, dip into a few 
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cubic centimeters of water, distill over 100 to 150 c.c. of water. Distil- 
lation is best carried out by the use of steam from a second flask con- 
nected to the flask containing the material. The distillate may contain 
hydrocyanic acid, ethyl alcohol, etc. Next make the contents of the 
flask alkaline with magnesium oxide and steam distill again. In the 
alkaline distillate may be found ammonia, amines, aniline, volatile alka- 
loids, and other volatile bases. 

Note: Distillation under reduced pressure with efficient cooling of 
the distillate minimizes destruction of nonvolatile organic poisons, es- 
pecially alkaloids, and facilitates the procedure. Obviously the use 
of fresh material for alkaloidal poisons is preferred. 


ACID DISTILLATE 


ALKALINE DISTILLATE 


Hydrocyanic acid 
Chloroform 
Ethyl alcohol 
Methyl alcohol 
Nitrobenzene 
Iodine (free) 
Iodoform 
Benzene 
Phenol 

Chloral hydrate 


Formaldehyde 

Carbon disulfide 

Acetone 

Turpentine 

Iodine 

Phosphorus 

Cresols 

(Carbon tetrachloride 
Other volatile substances 


Amines 

Ammonia 

Chloroform (see chloral 
hydrate) 

Aniline 

Volatile alkaloids 
Nicotine 
Coniine 

Other volatile bases 


Nonvolatile Organic Compounds 

(Above residue, acidified, may be used, or acidify 100 Gm. 
fresh tissue with tartaric acid.) 

Basis of Separation. — The separation depends on the fact that glu- 
cosides and alkaloi<l salts are soluble in alcohol or aqueous alcohol. 
Glucosides are extracted from an aqupous or acid solution by chloro- 
form or eth(*r, while alkaloid salts arc not. Free alkaloids, liberated 
by alkali, are soluble in chloroform and other organic solvents. 

Extract four times with 200 cc. of 50 per cent ethyl alcohol, using 
a reflux condenser, cool, and filter. Evaporate combined alcoholic 
extracts (under vacuo) over hot water bath to syrupy consistency. 
Add 100 cc. of 95 per cent alcohol, warm, then cool (icebox) and filter. 
Evaporate filtrate as before to a syrupy consistency, add 75 cc. of ab- 
solute alcohol, warm, cool again in icebox, filter. Evaporate filtrate to 
a few cubic centimeters over a water bath, add 5 cc. of 50 per cent 
sulfuric acid, stir and add 150 cc. of distilled water. Warm on water 
bath, place in refrigerator to allow separation of lipoids. Filter. The 
filtrate (A) is ready for extraction of the nonvolatile organic com- 
pounds (B + C). 


(B) NONALKALOIDAL POISONS 

[Extract (A) with 25, 15, 10 cc. 
portions of ether in 250 cc. sep- 
aratory funnel. Test ether ex- 
tract for poisons listed below.] 
Acetanilid 
Acetoptienetidin 
Antipynne 
Aminopyrme 

Barbital 

Phenobarbital 


(C) AI.KALOIDAL POISONS 
(The acid aqueous solution re- 
maining after extraction with 
ether is now made alkaline with 
MgO. Extract with chloroform 
in the same proportions as with 
ether. Test chloroform extract 
for alkaloids.) 

Strychnine 

Brucine 

Nicotine 

Cocaine 
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Salicylic acid and deriva- 
tives 

Sulfonal, trional^ tetronal 

Caffeine 

Theobromine 

Theophylline 

Other nonalkaloidal poisons 


Procaine 
Quinine 
Atropine 
Codeine 
Apomorphine 
Morphine 
Diacetyl morphine 
Other alkaloids 


Note: The above ether and chloroform extracts may be purified by 
evaporating to dryness, dissolving in water, and again extracting with 
appropriate solvent. Test ether (or chloroform) extract by allowing 
severid drops of fluid from separatory funnel to evaporate on a white 
porcelain crucible cover. Then apply appropriate tests. Precipitation 
and color tests are commonly employed, ^e tests as described in stand- 
ard textbooks on detection of poisons. 

Rapid Separation Method, — ^In order to circumvent the usually 
tedious and lengthy separation methods and to avoid loss of poisonous 
sustances, the following method may be resorted to sometimes with 
advantage. The minced tissue or residue remaining after removal 
of volatile substances is extracted with its own weight of 20 per cent 
trichloroacetic acid solution and the mixture is filtered. Fuller ^s 
earth, or kaolin, may be added to the filtrate to adsorb the alkaloids. 
The Fuller's earth, or kaolin, is then treated with sodium bi- 
carbonate, dried, and extracted with chloroform which dissolves the 
free alkaloids. 

Metallic Poisons 

For the detection and estimation of metallic poisons various pro- 
cedures are employed. A complete analysis for all possible metals is 
rarely indicated, as it would be superfluous to test for nonpoisonous 
metals. Those metals of special importance toxicologically include 
arsenic, antimony, barium, bismuth, mercury, lead, silver, thallium, 
tellurium, cadmium, and possibly others. 

The Beinsch test should be carried out if metallic poisoning is 
suspected. Actually, the Beinsch test is very generally used as a pre- 
liminary measure in any case of poisoning of unknown origin. 

To test for metallic poisons 100 Qm. of fresh tissue may be used, or 
if the amount of material is small the residue remaining after examining 
for volatile poisons and the members of the nonvolatile group of or- 
ganic compounds may be used. Before testing the organic matter most 
of the fo^ or tissues must be destroyed. The most rapid method is 
by ashing. However, some poisons, such as arsenic, lead, mercury, and 
zinc, suffer a loss by volatilization during ashing; it is not the method 
of choice. The method of preference for the destruction of organic 
matter is digestion by means of strong oxidizing agents, such as per- 
chloric and sulfuric acids. Micromethods of analysis have been per- 
fected to such a degree in recent years as to be of great value. 


8TANDABD TOXICOLOGICAL TESTS 

The following simple tests should solve the great majority of toxico- 
logical problems occurring in the average medicolegal practice. 

Volatile Poisons 

While odor, apt^arance, etc., may aid in the recognition of volatile 
poisons in the distillate, the final decision must rest on chemical 
tests. 
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Ethyl Alcohol 

Ethyl alcohol is usually found in the first fraction of the distillate. 
Test odor, and apply chemical tests. 

1. lAehen^s Iodoform Test . — To a few cubic centimeters of distillate 
add 6 drops of 10 per cent KOH solution, heat in warm water for five 
minutes. Add, drop by drop, iodine solution (iodine 5 per cent, potas* 
slum iodide, 10 per cent) till the liquid takes on a permanent brown tint. 
Add carefully more 10 per cent potassium hydroxide solution until color 
disappears. There is a characteristic odor of iodoform if ethyl alcohol 
is present. The test is also positive for aldehydes, acetone, and other 
alcohols. 

2. To 2 cc. of distillate add 2 Gm. of dry sodium acetate and a few 
cubic centimeters of concentrated sulfuric acid, and warm. Traces of 
ethyl alcohol in distillation causes the characteristic odor of ethyl alco- 
hol. 

Quantitatiye Estimation of Ethyl Alcohol. — Arrange three large test 
tubes in series, two of which are immersed in a water-bath (80® C.), 
the third being connected to a suction pump to draw air through the 
apparatus. Place concentrated sulfuric acid in the first tube to wash 
the air. Place 2 cc. of blood or urine, or 2 Gm. of suspected ground 
tissue in the second. In the third, place 10 cc. of N/10 potassium bi- 
cliromate (4.903 Gm. per liter) and 10 cc. of concentrated sulfuric acid. 

The air current is started, the alcohol volatilizes, is carried through 
the oxidizing mixture, and is absorbed and oxidized. Continue passage 
of air current for approximately one hour. Next, transfer carefully 
the bichromate mixture and washings to a volumetric 500 cc. flask and 
make to volume. Add 5 cc. of 0.4N potassium iodide (51.2 Gm. per 
1,000 cc.) a few drops of starch solution, then titrate with N/10 sodium 
thiosulfate (24.82 Gm. of NaaSaO,.5H,0 per 1,000 cc.) until the deep 
blue color just disappears. 

Calculations: Let us say 6.10 cc. were used in titration; therefore, 
10 - 6,10 cc,, or 3.90 cc. of bichromate were used by the alcohol. Since 
each cubic centimeter of N/10 bichromate solution is equivalent to 1.15 
mg. of alcohol, then since 2 cc. of blood or urine were used, the alcohol 
in milligrams per 10 cc. is 

57.5 X 3.90 or 224.25 

Where the amount of material available is very limited, one of the 
micromethods is indicated. 


Metiiyi. Alcohol 

Methyl alcohol is found in the first part of the distillate. Oxidize 
the methyl alcohol by distilling with potassium dichromate and sulfuric 
acid. Collect the formaldehyde by distillation in a well-cooled receiver. 
Test for formaldehyde as given below. 

Denlges Method. — Reagents; One per cent of KMn 04 solution, con- 
centrated sulfuric acid, 10 per cent oxalic acid solution, Schiff’s re- 
agent (dissolve 0.2 Gm. of basic fuchsin in 120 cc. of hot distilled water, 
cool, and add 2 Gm. of sodium bisulfite (meta) in 20 cc. of water. Add 
2 cc. of concentrated hydrochloric acid and dilute with distilled water 
to 200 cc. Allow to stand for one hour before use. This solution will 
keep for two weeks. 

Procedure: Place 5 cc. of distillate (obtained same as for ethyl 
alcohol) in a test tube, add 2.5 cc. of KMnO« solution (1 per cent) and 
0.2 cc. of concentrated HtSO«. After three minutes add 0.5 cc. of 
oxalic acid solution. Now add 1 cc. of concentrated sulfuric acid, mix 
and add 5 cc. of Schiff’s reagent. In the presence of methyl alcohol 
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a distinct blue or violet color appears within ten minutes. (Since this 
test depends upon oxidation of methyl alcohol to formaldehyde, tissues 
fixed in formalin and urine after methenamine medication contraindi- 
cate this test.) 

Formali>eiiyi>k 

Carry distillation at low temperaturo to collect formaldehyde in early 
fraction of distillate. 

Test. — ^To 0.5 cc. of distillate add a fe^v drops of 5 per cent phenyl 
hydrazine sulfate solution and one drop of N/10 potassium ferricy- 
anide solution. Layer mixture on surface of concentrated sulfuric 
acid in a test tube. A positive test for formaldehyde is present if n 
red color appears at junction of the two layers. 

Cyanides 

Cyanides pass off during direct distillation from the acid solution. 
To test for cyanides let distillate bubble through a test tube containing 
10 cc. of dilute alkali for a few minutes. Apply the following tests: 

Schfinbein’s Test. — Reagents: Guaiac-coppcr paper (saturate strips 
of filter paper with freshly prepared 10 per cent alcoholic solution of 
gum guaiac). Dry and moisten with 0.1 per cent solution of copper 
sulfate. 

Procedure: Acidify (to litmus) material to be tejited (first stomach 
washings, etc.) in a flask with tartaric acid solution. Close flask, sus- 
pend guaiac-copper paper through slit in stopper. Gently warm flask 
in water bath. Paper turns blue in presence of cyanide. Note: A neg- 
ative test rules out cyanide. If test is positive, confirm it by the follow- 
ing test, as other substances also produce a blue color. 

Prussian Blue Test. — Reagent.s: Ten per cent solution of ferrous 
sulfate, 10 per cent solution of ferric chloride, 10 per cent solution of 
NaOH, and dilute HCl (o cc. of concentrated HCl plus 5 cc. of dis- 
tilled water). 

Procedure: Test steam distillate from acidified material (as for 

ethyl alcohol). Test first 5 cc. of distillate. Make alkaline by adding 
several drops of 10 per cent NaOH. Add 0.5 cc. of ferrous sulfate 
solution and 0.5 cc. of ferric chloride solution. Shake well and warm. 
Acidify (to litmus) with dilute HCl solutiun. A posit ivo test for cy- 
anide is indicated by the formation of a blue color or of a precipitate. 

Phenol 

Phenol passes into the first part of the distillation from the acid solu 
tion. Note if any characteristic odor of phenol is present. Acidify a 
portion of the distillate with sulfuric acid and extract with ether. Al 
low ether to evaporate and apply the following tests. 

MiUon’s Test. — Reagent: M%llon*a reagent. — Dissolve 10 Gm. of 
mercury in 10 Gm. of concentrated nitric acid, warm gently and dilute 
with twice its value of distilled water. After it has stood for several 
hours, decant clear solution for testing. 

Procedure: Add 2 cc. of Millon's reagent to 2 cc. of distillate and 
heat gently. A positive test is indicated by a red color. (Ajiiline, 
salicylic acid, tyrosine, etc., also give a positive Millon’s test.) 

Perxic Chloride T^. — Reagent: Forty per cent ferric chloride 

solution. 

Procedure: Add, drop by drop, ferric chloride solution to 5 cc. 
of distillate. If phenol is present, a blue violet color occurs. (Mineral 
acids and alcohol will prevent the color reaction,) 
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Phosphorus 

Mitsclierlich’s Method. — Connect a large flask by means of a two- 
angle glass tube to a condenser# in a vertical position. Drop lower end 
of condenser into 5 cc. of water in a small flask. Fill large flask one- 
third with material to be tested. Acidify with tartaric acid. Heat flask 
to boiling. When boiling point is reached, darken room and look for a 
luminous ring in the upper part of condenser. This ring is a positive 
test for yellow phosphorus. 

Note: This trustworthy test for phosphorus depends upon the separa- 
tion of free phosphorus in a current of steam where it phosphoresces. 
The presence of certain volatile substances such as alcohol, ether, chloro- 
form, and phenol prevent phosphorescence as long as they continue to 
distill, while turpentine oil and some essential oils completely inhibit it. 

Scherer’s Test. — Reagent: Ten per cent silver nitrate solution. 

Procedure: Place material to be tested in a small flask and acidify 
with tartaric acid. In the neck of the flask suspend a strip of filter 
paper moistened with silver nitrate solution so that it will touch the 
walls of the flask. Warm (40® C.) gently in water bath. If paper is 
not darkened, phosphorus can be excluded. If the paper is darkened, 
yellow phosphorus may be present and Mitscherlich ’s test indicated. 

Scherer *s test is a good preliminary but not specific. It at least in- 
dicates the absence of phosphorus. It is desirable to apply other tests. 

Nonvolatile Organic Compounds 
Barbiturates 

Koppanyi’s Test. — Reagents: Cobaltous acetate solution (dissolve 
0.5 Gm. of cobaltous acetate in 100 cc. of absolute methyl alcohol), iso- 
propylamine solution (dissolve 5 cc. of isopropylamine (Eastman Kodak 
Co.) in 100 cc. of absolute methyl alcohol). Keep this solution in 
refrigerator. 

PrO(’EDURe: Place in a test tube 2 cc. of ether extract of acid solu- 
tion (B). Add 0,2 cc. of cobaltous acetate solution, followed by 0.6 cc. 
of isopropylamine solution. If barbiturates are present, the ether will 
assume a pinkish violet color. 


STRYrilNINE 

Htrychuiue resists putrefaction and is ono of the most stable alkalies. 
After extraction and purification, taste the extract. A flilution as low 
as 1:70,000 will give a bitter ta.ste. 

Fading Purple Test. — Reagents : Concentrated sulfuric acid, crystals 
of potassium bichromate. 

Procedure: Evaporate 5 cc. of chloroform extract (C) to dryness 
in a porcelain dish. Dissolve residue in 0.5 cc. of concentrated sul- 
furic acid. Drop in a small crystal of potassium bichromate. The 

formation of a play of colors from blue to violet to purple red and 

finally to orange or yellow, on drawing through the liquid a small 

crystal of potassium dichromate is a positive test for strychnine. 

The sequence of color is important. Large excess of morphine or 
bruciiio interferes wdth the reaction. Gelsemine and curarine gives 
similar but not identical colors. 

Biologic Test. — Inject some of the extract into the dorsal lymph sac 
of a frog. If strychnine is present, a general tonic spasm will be ob- 
served. A quantity of 0.04 mg. should produce response in ten to thirty 
minutes. 

Mandolin’s Test. — Add 2 drops of Mandolin’s reagent (ammonium 
vanadate, 1 per cent, in concentrated sulfuric acid) to some residue 
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cont^nin^ strychnine. A blue coloration is formed which changes to a 
brilliant violet. The addition of ammonium hydroxide changes it to 
rose red. The test is especially useful for detection of small amounts 
of strychnine. 


Morphine and Morphine Derivatives 

The Marquis test is a most useful negative test. If the color is not 
obtained^ there probably is no morphine present; if it is obtained, con- 
firm by other tests; of these the apomorphine reaction is recommended. 

Marquis Test. — ^Beaqent: Marquis reagent (3 cc. of concentrated 
sulfuric acid plus 2 drops of 40 per cent formaldehyde). Prepare at 
time of test. 

Procedure: Evaporate 10 cc. of chloroform extract (C) to dr}mes8 
and add 3 drops of Marquis reagent. Morphine g^ves an intense purple- 
red color, changing to violet, and then blue. This reaction is quite dis- 
tinctive and accurate to 0.02 mg. With this reagent, codeine and apo- 
morphine give a violet purplish-red color. Oxydimorphine shows a green, 
changmg to flame red. Dionine shows a dark blue violet. Heroin and 
morphine give similar colors. 

Apomorphine Reaction. — Moisten residue with pure concentrated sul 
furic acid, allow to stand twenty-four hours in a desiccator, then add 1 
drop of concentrated nitric acid. A red-violet color appears changing 
to dark blood-red and then to yellow- rod. A crystal of potassium nitrate 
may be substituted for the nitric acid. 

Metallic Poisons 

^ A Reinsch Test should bo carried out, before starting the di.Htilla* 
tion, on fresh viscera, vomitus, etc. It is a most convenient and valu- 
able test for arsenic, mercury, antimony, bismuth, and other inor- 
ganic poisons. 

Reinsch Test. — Reagents: Concentrated HCl and pure copper foil. 
Wash 1 sq. cm. of copper foil in concentrated HNO„ rinse in distilled 
water. Handle only with forceps. 

Procedure: Place urine, stomach contents, or about 25 Gm. of 
minced tissue, the latter mixed with 25 cc. of water, in a beaker and add 
one-sixth of its volume of concentrated HCl. Note: If urine or stomach 
washings are used, concentrate 200 cc. (made alkaline with NaOH) to 
about 40 cc. Acidify with 6 cc. of concentrated HCl. Then apply 
test. Suspend copper foil in mixture, heat contents slowly to boiling 
point and boil gently for five minutes, with stirring. Set aside for 
thirty minutes, then examine copper foil for deposits. Mercury produces 
a silvery deposit, arsenic a grayish black, and antimony a black deposit. 

The foil is removed, washed, dried, and introduced into a small 
sublimation tube (McNally tube). Gentle heat is applied and the 
arsenic is volatilized, and forms small crystals of arsenous oxide 
just beyond the heated area or constriction of tube. Under the micro- 
scope numerous octahedral crystals are deposited. The test is sensitive 
to 0.25 mg. arsenic per 50 cc. of fluid. Antimony sublimes and leaves 
an amorphous deposit. Mercury is deposited in the constriction as small 
globules of mercury which are easily seen under a microscope. Bismuth 
does not sublime. The test cannot be applied in the presence of 
chlorates or nitrates, and may fail if arsenic is present in organic forms. 
For eUnicdl u$e, the rapidity with which this test can be conducted 
makes it of value to the physician, 

Ontselt's Test for AtseiMCt^If very small amounts of arsenic are 
present use Ontzeit's test. 
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Beaobnts: Pure zinc, 6 per cent sulfuric acid, Grain’s iodine solu* 
tion, silver nitrate solution (1:1). 

Procedure: Place 1 Gm. zinc in a large test tube, add 5 ce. of 6 
per cent HsSO«. Add three drops of Gram’s iodine to remove hydrogen 
suliide or sulfurous acid. Add 5 cc. of unknown and cover test tube 
with three layers of filter paper. Moisten upper layer with a drop of 
silver nitrate. Set tube aside for thirty minutes in a dark place. A 
positive test for arsenic is evidenced by a yellow stain on the top filter 
paper which turns black when a drop of water is added to the stain. 

Gaseous Poisons 
Carbon Monoxide 

Psrrotannic Acid Test. — ^Reagent: Pyrotannic acid. Dissolve 1 
Gm. of pyrotannic acid and 1 Gm. of tannic acid in 100 cc. of distilled 
water. 

Procedure: Place 1 cc. of blood in test tube, add 9 cc. of distilled 
water and 10 cc. of pyrotannic acid reagent. After standing fifteen 
minutes, if carbon monoxide is present the blood will retain a pink 
color. With normal blood the original pink color will change to a gray- 
ish brown. (Will detect CO in embalmed bodies.) 

HoppO'Seyler’s Sodium Hydroxide Test. — Reagent: Concentrated 
NaOH. 

Procedure: Mix two drops of blood to be tested with three drops 
of concentrated NaOH in a white porcelain dish. A positive test is 
evidenced by the formation of a red precipitate, while normal blood 
forms a greenish-brown mass. 

POINTS OF TOXIOOLOGICAl. SIGNUTOANOE 

Absorption of Poisons. — The examination of the visceral organs, 
brain, and blood is indicated, inasmuch as the presence of a poison in 
these tissues indicates that it has been absorbed into the body. Analysis 
of the stomach contents is important from the standpoint of identifying 
a poison, but it does not indicate the amount absorbed in the body. 
Furthermore, one must keep in mind that some poisons, such as 
morphine, mercury, and sodium fluoride, are reabsorbed by the stomach. 

Signs and Symptoms at Death Important.-~If the fatal attack was 
ushered in by sudden syncope and almost instant death cyanides would 
be looked for. Strychnine would be thought of if convulsive seizures 
preceded death. If death was preceded by unconsciousness and somno* 
lenco, an overdose of alcohol or barbiturates might be the cause. Gastro- 
intestinal upset, followed by circulatory collapse and death, is character- 
istic of poisoning by heavy metals, fluoride, or nicotine. 

A Poison May Be Undetectable. — Certain poisons which cause death 
may escape detection. Good methods for chemical detection may not 
be available; poisons may be removed by purging or vomiting; and 
absorption may be so slight that none will be found in the vital organs. 
Certain poisons may be sufficiently modified in the body to escape de- 
tection. 

Quantity of Poison Absorbed Important.-— A quantitative determina- 
tion of the poison may be essential in evaluating the role of toxic 
substance with regard to death. If the patient has been taking drugs, 
no doubt small quantities could be detected, yet not be the cause of 
fatal poisoning. 

A positive qualitative test for arsenic in gastric washings might sat- 
isfy the clinician handling the case, but if such evidence was presented 
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in court it surely would be discredited by the defendant who could show : 
(1) that small amounts of arsenic may come from sources other than 
those presented by the State, (2) that very small amounts of arsenic 
may give a positive test, and (3) that demonstration of arsenic in the 
stomach does not necessarily prove that death was duo to arsenic 
poisoning. 

Common Poisons. — Statistical tables show that alcohol, illuminating 
gas, carbon monoxide, phenol, cyanides, barbiturates, lysol, lye, arsenic, 
mercury, paraldehyde, morphine, lead, strychnine, chloral hydrate, anti- 
mony, barbital, salicylates, arsphenamine, iodine, in the order listed, are 
substances that are commonly associated with poisoning; they are the 
poisons that deserve first consideration from the toxicologist if the 
substance causing the poisoning is unknown. Many substances other 
than those listed, although of less importance toxicologically, frequently 
must be tested for. 

If alcohol, carbon monoxide, and barbiturates have been excluded, it 
then may be advisable to test for heavy metals, and for fiuoride, cyanide, 
nicotine, and strychnine. Obviously the exclusion of these poisons does 
not exhaust the possibilities that death was due to poisoning. It is 
questionable, however, if there would be justification for extending 
the search much farther in a case exhibiting no positive evidence of 
poisoning. 

Interferences With Toxicological Examination. — Many conditions 
interfere with the toxicological examination. Embalming may void the 
test for many volatile poisons and may interfere with the extraction of 
many organic compounds. Post mortem decomposition interferes with 
the tests for volatile substances like alcohol, and makes identification of 
alkaloids unreliable due to the formation of ptomaine-like sub.'^tances 
which g^ve identical tests. The destruction of tlic body by strong chem- 
icals, such as strong mineral acids and strong alkalies, interferes with 
the toxicological examination, except in the case of a few inorganic 
poisons. 

One of the various agents that should be expected in obscure deaths 
is alcohol, either ethyl or methyl. The interval between ingestion of 
alcohol and death is frequently so long that little or no alcohol will be 
recovered by the analyst. Fatal poisoning may also occur without sig- 
nificant gross or microscopic changes in the tissues. The barbitals may 
also be destroyed by the time autopsy is performed and yet l)e the cause 
of death. 

Interpretation of Results. — Many perplexing problems face the tox- 
icologist in interpreting the results of his analysis. The question arises 
as to whether or not the condition could be produced artificially in the 
body. Embalming with fluid containing arsenic nullifies the value of an 
arsenic determination. Poi.sons placed in the body after death slowly 
diffuse through the tissues and simulate poisoning before death. Per- 
sons dying of carbon monoxide poisoning may give negative toxicological 
tests after twenty-four hours. Likewise, the organs of a person poisoned 
by phosphorus, and living for several days, may give a negative de- 
termination for phosphorus. 

In order to understand and determine the part played by the poison in 
causing death, the results of the analysis should be studied in relation 
to the duration of the victim’s ills^ the pathological le.sions, the symp- 
toms presented, and other available information. 
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PART II 


CLASSIFICATION OF DRUGS 

I. Vehicles 

A. Flavoring Vehicles 

B. Coloring Vehicles 

C. Solid and Semisolid Vehicles 

D. Excipients 


II. Drugs Acting on Skin and Mucous Membranes 

A. E moUient s H. Bitters 

B. 'Uemulcents I. Gastric Antacids 

C. Protectives J. Digestants 


E. Tratringents 

F. Caustics 

G. Carminatives 


Iv. Emetics 

L. Expectorants 

M. Adsorbents 

N. Cathartics 


III. 


Antiseptics, Disinfectants, and Aiiti infectives 

A. Antiseptics and Disinfectants 

1. Phenol Derivatives 

2. Mercury and Mercury Derivatives 

3. Silver Compounds 

4. Oxidizing Agents 

5. Acids 

6. Volatile Oils 

7. Dyes 

8. Iodine and Iodine Compounds 

9. Chlorine Derivatives 

10. Spermatocides 

11. Industrial Skin Cleansers 

12. Detergents 

13. Miscellaneous 

a. Betanaphthol 

b. Ichthammol 

c. Benzyl Benzoate 

d. Hesorcinol 

e. Hexylresorcinol 

B. Aiiti'infectives 


f. Sulfur 

g. Sulfurated Potasli 

h. DDT 

i. Nitrofurazone 


1. Sulfonamides 

2. Antibiotics 

a. Penicillin 

b. Streptomycin 

c. Tyrothricin 

d. Polymyxin 

e. Other Antibiotic Agents 

3. Anthelmintics 

a. Oleoresin of Aspidium f. 

b. Carbon Tetrachloride g. 

c. Tetraehloroethylene h. 

d. Hexylresorcinol i. 

e. Chenopodium Oil j. 


Gentian Violet 
Santonin 
Tartar Emetic 
Stibophen 
Neostibosan, etc. 
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4. Amebecides 

a. Ipecac 

b. Kmetino 

c. Kmetine Bismuth 
Iodide 

(i. Chiniofoa 

5. Antisyphilitic Drugs 

a. Organic Arsenicals 

b. Bismuth Preparations 

c. Mercury Preparations 
(5. Aiitimalarial Drugs 

a. Quinine 

b. Totaquinc 

c. Quiuucrine 

d. Pamaquine 

7. ^Miscellaneous 
a. Methenamine 
1). Mandelic Acid an<l 
Salts 

e. Chaulmoogra Oil 


c. lodochlorhydroxyquino- 
line 

f. Diiodo-oxyquinoline 

g. Carbarsone, etc. 


d. Iodides 

e. Penicillin 


e. Chloroquine 

f. Paludrine 

g. Pentaquine 

h. (.'hlorguanide Hydro- 
chloride 

d. Su If ones 

(1) Proniin 

(2) Diasonc* 

(II) Proinizole 


Drugs Acting on the Central Nervous System 
A. Stimulants of C*N.S. 

1. Cerebrum: 

The ('affeine Group 

2. Medulla: 

Apomorphine, Picrotoxin, Metra/.ol, Nikethamide 

II. Spinal Cord: 

Thu -Group 

H. Depressants of C.N.S. 

1, General Anesthetics: 

Kther, Chloroform, Nitrous Oxide, Kthylene, Ethyl 
('liloride, Cyclopropane, Tribrotiioethanol, Vinyl 

Ether, Adjuvants (Curare, Oxygen, Carbon Di- 
oxide) 

2. Intravenous Anesthetics; 

Thiopental Sodium, Hexobarbital Sodium 

.'1. Hypnotics: 

'Paraldehyde, Chloral Derivatives, The Sulfone 
Group, Barbituric Acid Derivatives 

4. Sedatives: 

Bromides and Compounds Containing Bromine. 
Oanuabis, Scopolamine (Hyoscine), llydantoin De- 
rivatives, Triinethadione (Tridioiie) 

5. Analge.vics: 

Opium, Morphine, Codeine, Papaverine, N^jpoUne, 
Thebaiiie, Pantopon, Heroin, Dionin, Apocoaeine, 
Apomorphine, Dihydromorphinone Hydrochloride 
(Dilaudid), Demerol (Isonipecaine), Methadon 

0. Antipyretics: 

AceittniUd, Acetophenetidin, Antipyriiie, Amino- 
pyrine, Salicylic Acid Derivatives, Ciiichophen, 
Neocinchophen, Colchicine, etc. 

7. AUsthoh: 

Ethyl, Methyl, Isopropyl 
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V. Drugs Acting on Peripheral Nervous System 

A. Drugs Acting on Autonomic Nervous System 

1. Parasympathetic 

a. Stimulants: 

Acet ylcholing^ PUocarpine; Physostigmine, 
''nSTeoHigmme (Prostigmihe), Carbachol (Car- 
baminoylcholine), Di-isopropyl Fluorophos- 
phate (‘*DFP'0> Choline, Muscarine 

b. Depressants: 

Atropine, Scopolamine, Hyoscyainine, Stram- 
iiionium, Homatropine, Eucatropine Hydro- 
chloride, Homatropine Methylbromide, Eu- 
mydrine 

2. Sympathetic 

a. Stimulants: 

Epinephrine, Ephedrine, Amphetamine (Ben- 
zedrine), Phenylephrine Hydrochloride 
(Neosynephrino), Kephrine, Paredrine, 
Propadrine Hydrochloride, Naphazoline Hy- 
drochloride (Privine), Tuamine, Vonedrine, 
Tyramiiie 

b. Depressants: 

Ergotoxine, Ergotamine, Yohimbine, Dioxane 
Derivatives 

3. Sympathetic and Parasympathetic Ganglia 

Nicotine, Lobeline, Coniine, Gelsemine, Tetraethyl- 
ammonium Chloride 

B. Drugs Acting on Cerebrospinal Nervous System 

1, Local Anesthetics: 

Cocaine, Butesin Picrate, Butyl Arainobeiizoate, 
Ethyl Amino)>enzoate, Orthoform, Amylsine Hy- 
drochloride, Butacaine Sulfate, Diothane, Phena- 
caine, Procaine, Monocainc, Tutocaine, Amydri- 

c.aiiie, I^enzyl Alcohol, Mctycaine, Tetracaine, 
Dibucaine Hydrochloride 

VI. (’ardiovascular Drugs 

The Digitalis Group (Digitalis Leaf Preparations, Digitoxin, 
Digoxin, Lanatosid-C), Ouabain, Strophanthin, Quinidine, 
Papaverine, Xanthine Derivatives, Thiocyanates 

VII. Oxytocic Drugs 

Ergot, Ergonovine, Pituitrin, Pitocin, Quinine 

VIII. Diuretics 

A. The Mercurials 

Mersalyl (Salyrgan), Mersalyl and Theophylline, Mercuro- 
phylltne, Meralluride Sodium Solution 

B. The Caffeine Group 

C. Saline Group 

D. Miacellaneoua 

Urea, Glucose, Sucrose, Water 

IX. Biologicals 

A. Vitamins 

B. Serums and Vaccines 
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C. Blooil, Blood Derivatives and Hubstitutes 

Wliole Blood, Human Plasma ami Serum, Serum Albu* 
nun, Globulins, Tiirombin, Fibrinogen and Fibrin, Red 
Blood ('ells, Colloidal Solutions (Gelatin, Pectin, Poly* 
vinyl Alcohol, Acacia, Dextran) 

I). Hematinics 

Iron and Iron (impounds. Liver and Stomach Prepara* 
tions, Folic Acid, Heparin, Dicumarin, Blood Coagulants, 
Sclerosing Agents, Pentnucleotide, Radioactive Phos- 
phorus, Phenylhydrazine, Urethane, Arsenic, Nitrogen 
Mustards 
E. Hormones 
X. Miscellaneous 

Histamine and Antihistamine Drugs, Protein ami Amino Acid 
Preparations, Mnuke Venom, Rhus Preparations, Arsenic, 
Fluorides, Helium, Gold 



CHAPTER V 


DRUGS ACTING ON SKIN AND MUCOUS 
MEMBRANES 

1. EMOLLIENTS, DEMULCENTS, PROTECTIVES, 
IRRITANTS, ASTRINGENTS 

Emollients, demulcents, and protectives are chemically inert substances 
used chiefly to cover and thus protect the skin from external irritants. 
They act locally in a purely mechanical or physical manner. 

EmoUients (L». emollire, to soften) are chiefly bland, oily substances, 
such as fats, oils, and glycerin. They are employed as vehicles for more 
active drugs, for softening and rendering skin more pliable, and as 
protectives. In the former case, they may serve as vehicles for drugs 
having as their chief purpose a action in which it is desirous of 

maintaining a slow liberation of the drug from the base; or they may 
serve as vehicles for drugs from which absorption and systemic effects 
are desired. In this case the ointment should be rubbed in to insure 
absorption through the sebaceous glands. 

Demulcents (L. demulcere, to smooth down) are mucilaginous sub- 
stances, such as gums, dextrins, and starches, which form colloid-like 
solutions in water. They are us^ to (1) allay inflammation, (2) delay 
absorption of other drugs, (3) mitigate taste, (4) protect against ir- 
ritant poisons, and (5) to emulsify oils and suspend insoluble substances. 

1. Demulcents allay inflammation when they are applied over in- 
flamed surfaces; in tonsillitis they may be used as gargles or ad- 
ministered by sucking lozenges containing demulcent principles. 

2. Their effect in delaying absorption of other drugs may be illus- 
trated by opium, which is prescribed when local action on the bowel or 
stomach is desired, while the pure alkaloid morphine is administered 
for its effect after absorption. 

3. The taste of food is altered by demulcents, although demulcents 
are relatively tasteless and odorless. Sugar dissolved in mucilage tastes 
less sweet than when dissolved in water, acids in mucilages taste less 
acid, and ice cream less cold than ice. Large quantities of fluid may be 
administered with greater ease in the form of demulcents, since they 
are more agreeable to the taste, e.g., barley water. 

4. Protection against irritant poisons is afforded by demulcents. Thev 
act by retarding absorption and by protecting the walls of the stomach 
from the effects of the poisons. 

5. Demulcents are used to emulsify oils, such as emulsifled cod-liver 
oil, and to make a more permanent suspension of insoluble substances, 
thus making medication easier and more accurate. Gum acacia and 
tragacanth are especially adapted to holding substances in suspension, 
such as resins or oils, and giving cohesion to pills and lozenges. 

The most important demulcents are: acacia, tragacanth, starch, flax- 
seed, glycyrrhiza or licorice root, agar, almond, and glyceryl monostear- 
ate. 

FroiectUfes are chemically inert substances used to protect wounded 
or inflamed surfaces of the skin and mucous membranes against external 
irritation. Hie external irritation may be due to drying, or to the access 
of bacteria and mechanical irritants. 


12S 
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EMOLLIENTS OB OILY AND FATTY SUBSTANCES 
Lard 

Lard, the purified internai fat of the abdomen of the hog, is a cheap 
and easily accessible fat composed chiefly of stearin, palmitin, and 
olein, lienzoinated lard is a soft, white solid containing the soluble 
constituents of 1 per cent of benzoin, added in an attempt to preserve 
it, conceal its odor, and give it antiseptic and stimulating properties. 

Action and Uses , — Lard and Benzoinated Lard are rarely used alone 
as emollients but are chiefly used as the basis for ointments carrying 
healing, softening, stimulant, anodyne, or antiseptic drugs. They have 
some ability to penetrate into the skin and are well adapted to being 
applied with friction. They have the ability to absorb about 2 per cent 
water. They are liable to become rancid if kept too long. 

Petrolatum 

Petrolatum, also called parafHn and petroleum jelly, is a non- 
volatile, inactive mixture of semisolid hydrocarbons obtained from 
petroleum. It is insoluble in water and in alcohol, but soluble in fats 
and fat solvents. 

Action and Uses , — Petrolatum possesses emollient, lubricant, and 
laxative action. It is used chiefly as a lubricant and vehicle. It has the 
disadvantage of not mixing with water. It apparently possesses slight 
ability to penetrate into the skin and thus is used as a vehicle for 
medicaments intended to act on the surface of the skin. Liquid 
Petrolatum is employed extensively as a laxative and to some extent 
as a vehicle. Heavy and light mineral oils are available. 

White Ointment, Unguentum Album, consists of 90 per cent white 
petrolatum, 5 per cent white wax and 5 per cent wool fat. It is used 
alone to allay .skin irritation or as a basis or vehicle for carrying other 
remet lies. 

Yellow Ointment, Vu[ju< ntum FUn um, contains wool fat, 5 per cent, 
yellow wax, 5 per cent, in j>etrolatuiii, 90 per cent. It is used as an 
ointment base. 

Glycerin 

Glycerin, C,H,(OH)„ is a clear, colorless, odorless, syrupy, sweetish 
liquid, obtained by the hydrolysis of animal and vegetable fats and 
purifled by distillation. Chemically it is a tri atomic alcohol. When 
exposed tx> air it absorbs moisture. It is freely soluble in water and 
alcohol; insoluble in ether, chloroform, and oils. Glycerin solutions of 
medicinal substances are known as giycerites. 

Pharmacological Action. — Glycerin acts chiefly as an emollient 
and demulcent. It abstracts water from irritated, inflamed, chapped 
surfaces of the skin and mucous membranes. When applied to normal 
skin it does not abstract water, on account of the impermeability 
of the stratum corneum (Sollmann). On diseased surfaces its sooth- 
ing action is preceded by smarting, due to extraction of water. 

Therapeutic Uses. — Glycerin is largely used as a vehicle, solvent, 
and sweetening agent. Its hygroscopic action is taken advantage 
of in compounding preparations for external application and for 
preparations, such as tampons, suppositories, enemtis, etc. Its con- 
tinued use as tampons and suppositories is contraindicated. \Vhen em- 
ployed on vaginal tampons either the pure glycerin or the boroglycerin 
Is used. These tampons are used in such conditions as pelvic infection, 
eroded cervix, etc. 
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Externally, it is extensively employed in ointments and lotions for skin 
diseases. 

For chapped hands, etc.: 

n 

Liquefied Phenol 

Glycerin 

Alcohol 

Rose Water 

M, Sig.: Apply freely. 

Theohroma Oil 

Theobroma Oil, Ca^'ao Butter, is a fat obtained from the seeds of 
Theohroma Cacao, The oil is obtained principally as a by-product in 
the manufacture of cocoa. It possesses a faint, agreeable odor, and a 
bland chocolate-like taste. It is insoluble in water or alcohol. 

Action and Uses. — Theobroma oil possesses emollient and lubricant 
action. It is a solid at room temperature and melts at body tempera- 
ture; because of this property it is a valuable vehicle in the manufac- 
ture of suppositories. 


0.40 cc. (ITlvj) 

10.00 cc. (f3iiss) 

30.00 cc. (f5j) 

90.00 cc. (fBiij) 


Expressed Oil of Almond 

This oil is obtained from kernels of varieties of Amygdalus com- 
munis. It is a fixed oil and is contained in several official preparations. 

Action and Uses. — It possesses demulcent and nutritive properties. 
It is rarely prescribed alone but is used chiefly as a constituent of 
ointments, salves, and emulsions. 

Rose Water Ointment (cold cream) is composed of expressed 
almond oil (56%), spermaceti (12.5%), white wax (12%), sodium 
borate (0.5%) and rose water (5%). It is a popular toilet article, 
being a pleasant emollient for dry skin, chapped hands,” etc. It is 
a suitable vehicle for more active agents. 

Paraffin 

Paraffin is a purified mixture of solid hydrocarbons, obtained from 
petrolatum. It is a white waxy tasteless solid melting at 50* to 
57* €., soluble in ether and volatile oils, but insoluble in water or 
alcohol. 

Action and Uses. — Paraffin has many pharmaceutical but few 
therapeutic uses. It is sprayed or painted on burns or other lesions. It 
should be applied only to selected cases, as retention of moisture and 
heat encoura^s infection. It is used to exclude air and prevent drying 
and contamination. It is also used for injection for cosmetic purposes, 
a use which is unsafe, as malignant ” paraffinomas” may develop. 
Paraffin is also used to harden ointments and for impregnation of 
bandages. Chlorinated Paraffin is used as a solvent for dichloramine-T. 

Wool Fat <Z«anolin) 

Lanolin is the purified anhydrous fat of sheep’s wool. It eontains 
cholesterin esters and alcohols of the fatty series. It is used almost 
exclusively in the form of hydrous wool fat. It rarely becomes rancid; 
it Is miscible with twice or more its weight of water, thus water-soluble 
salts can be incorporated with greater ease, producing a smoother 
ointment. 
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Action and Uses , — Lanolin possesses emollient action. It is used 
as a vehicle or base for ointments. It is particularly suitable as an 
ointment if absorption of the active constituents through the skin is de* 
sired. Owing to its sticky consistency it is seldom prescribed alone. 

For treatment of dermatitis: 




Phenol 0.80 Gra. (gr.xij) 

Bismuth Suhnitrate 6.00 Gm. (Siss) 

Hydrous Wool Fat 8.00 Gm. (3ij) 

Zinc Oxide Ointment ._q.H. 30.00 Gm. (5j) 

Make an ointment 
8ig. : Apply locally. 


Olive OU 

Olive oil is a pale yellow fixed oil expressed from the ripe fruit of 
Olea europaea. It possesses emollient, laxative, and nutrient properties. 
It is used in skin diseases, in hyperchlorhydria, as a laxative, as a 
nutrient, and as a vehicle in pharmacy. 

Baby Lotion (The New York Hospital Formulary) : 


R 

Stearic Acid 4.6% 

Anhydrous Lanolin 6.3% 

Liquid Petrolatum 8.8% 

Sesame Oil 1.1% 

Olive Oil — 1.1% 

Triethanolamine 1.7% 

Alcohol 1.1% 

Distilled water 75.3% 


M. Sig,: Apply as directed. 

Waxes 

Waxes are einploved to harden ointment bases. A base composed 

of lar<l hardened with wax is known ns a cerate. 

PkEPA RATIONS 

r.ard, Adeps, U.8.P., B.P. 

Ben/.oinated J.ard, Adeps Hcnzoinatus, I^S.P., B.P. 

Petrolatum, Pi trolatum^ U.8.P, Paraffinum MoHr, B.P. 

Li<iiiid Petrolatum, Petrolatum Liquidum, I'.S.P. (White Mineral Oil). 
Dosage: 15 cc. (4 liuidrachms). Paraffinum Liquidum, B.P. 

Liqui<l l*etrohitum Emulsion, Pinulsum Peirolati Liquidi, U.S.P. Idquid 
petrolatum (.50%) acacia, .syrup, vanillin, alcohol, and distilled 
water. Dosage: 30 cc. (1 fliiidounce). 

Glycerin, Glycerinum, U.S.P., B.P. Dosage: 4 c<*. (1 fluidrachm). 

Theobroma Oil, Oleum Theohromntis, IkS.P,, B.P. 

Expressed Almond Oil, Oleum Amygdalae Expressum, U.S.P. Oleum 
Amygdalae, B.P. 

Rose Water Ointment, Vnguenium Aquae liosaCf U.S.P. 

Paraffin, Paraffinum, N.F., B.P, 

VV’ool Fat, Adeps LanaCf U.S.P., B.P. 

Hydrous Wool Pat, Adeps Lame Ilydrosus, T^S.P., B.P. Wool fat with 
about 27 per cont of water. 

Olivo Oil, Oleum OliraCf U.S.P,, B.P. Dosage: 30 ee, (I fluidounce). 
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White Wax, Cera Alba, U.S.P. 

Yellow Wax, Cera Flava, U.S.P. (Beeswax) 

Spermaceti, Cetaceum, U.S.P. A waxy substance from the head of the 
sperm whale. Used in cerstes and cold cream. 


DEMULCENTS OR MUCILAGINOUS SUBSTANCES 
Acacia 

Acacia, gum arabic, is a gummy exudate obtained from the branches 
of Acacia Senegal and other species. It consists mainly of potassium, 
magnesium, and calcium salts of arabin or arabic acid. It is soluble 
in water and insoluble in alcohol. Its chief preparation is Acacia 
Mucilage, a 35 per cent aqueous solution of the gum. Acacia should not 
be prescribed with strongly alcoholic solutions, lead acetate, ferric salts, 
or sodium borate. 

Action and Uses. — Acacia is an emulsifying agent and a suspending 
agent for such substances as bismuth subcarbonate, barium sulfate, 
magnesium oxide, etc. Its colloidal properties and low toxicity have led 
to its use with sodium chloride as replacement therapy after hemorrhage. 
Acacia is neither metabolized nor excreted and hence after effects, such 
ae deposits in the tissues, may follow repeated use. Acacia may cause 
urticaria, anaphylactic shock, etc., usually ascribed to impurities in the 
gum. In hemorrhage shock, 500 to 1,000 cc. of physiological saline plus 
6 per cent acacia may be used by vein, administering 10 to 15 cc. 
per minute. 

Tragacanth 


Tragacanth is a gummy exudate from Astragalus gummifcr, diffi- 
cultly soluble in water, forming a translucent mucilage or jelly varying 
in viscosity according to the quantity used. Tragacanth Mucilage 
is an official preparation consisting of a 0 per cent aqueous gel. 
Tragacanth is a complex carbohydrate. It is a nongreasy lubricant and 
is used in lotions, troche.s, pills, suspensions, and emollients. In the 
manufacture of emollients it is more suitable than is acacia. 

In the treatment of pruritus, protection from air may be obtained 
by the application of tragacanth lotions. If applied in a thin layer, this 
lotion dries quickly and leaves a thin protective film. 

Tragacanth lotion: 




Tragacanth 

Glycerin 

Water q.8. ad 

M. Sig,: Apply locally in thin layer. 


4.00 Gm. (3j) 

2.00 cc. (fSss) 
90.00 cc. (fSiij) 


Starch 

Starch, cornstarch, is a white powder obtained from the grain Zea 
mays. It is odorless, tasteless, and insoluble in water or alcohol. It 
forms a whitish gelatinous mass when boiled with water. 

Action and Uses, — Starch is a protective and diluent agent. It may 
be used externally as a protective In the form of dusting powders or 
ointments in the treatment of prickly heat, chafing, dermatitis, and other 
skin conditions. Plain, or prepared by boiling, it is added to baths for 
the relief of itching. Starch water is frequently used for colon irriga- 
tion for the relief of diarrhea and dysentery. Starch is a valuable anti* 
dote for the treatment of iodine poisoning. 
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In the treatment of prickly heat: 

0.60 Qm. (gr.x) 

4.00 Gm. (3j) 

12.00 Om. (3iij) 

30.00 Gm. (Sj) 


Other Demulcents. — Many other drugs are used as demulcents in 
therapeutics. Among them are: 

Agar, Agar, U.S.P., B.P. Dosage: 4 Gm. (1 drachm). 

Althea, Althaea, N.F. (Marshmallow Root.) 

Linseed, Linum, U.S.P. 

Compound Senna Powder, Pulvis Sennae Compositus, N.F. Senna 
(18%), washed sulfur (8%), with glycyrrhiza, fennel oil, and 
sugar. Dosage: 4 Gm. (1 drachm). 

Kim, Ulmus, N. F. (Elm Bark, Slippery Elm). 

Troches of Elm, Trochisci Ulmi, N.O. (Each troche contains elm, 
tragaeanth, sucrose, and anethol. 

Acacia, Acacia, U.8.P., B.P. (Gum Arabic). 

Tragaeanth, Tragacantha, U.S.P., B.P. (Gum Tragaeanth). 

For other preparation of this group see Chapter III. 

PROTECT IVES 

Collodion 

Collodion is a 4 per cent .solution of pyroxylin, or cellulose tetra- 
nitrate (guncotton) in ether and alcohol. It is a clear, almost 
colorless syrupy, highly inflninmable liquid. It is used chiefly as 
Flexible Collodion, compo.^cd of camphor (2%), castor oil (3%), 
collodion (95%). It is rendered flexible by the camphor and castor oil 
and does not crack or contract, but does not adhere as well as collodion. 

Action and Uses.— On evaporation of the solvent collodion forms a thin 
film which acts as a protective to small wounds of the skin and raucous 
membrane. The nlcohobether solvent assures sterility. Flexible 
collodion is the basis of medicated forms such as salicylic acid corn 
cures, tannic acid, etc. Some }»rcscribers may add about 25 per cent 
castor oil to collodion to render it more flexible and to prevent too 
rapid evaporation. 

For treatment of clavus: 

n 

Salicylic Acid 2.00 Gm. (3ss) 

Cannabis Extract O.GO cc. (gr.x) 

Flexible Collodion 15.00 cc. (fSss) 

M. Sig.: Apply to corns twice daily. 

Insoluble Bismuth Compounds 

The insoluble bismuth salts are used locally as protective and 
astringent dusting powders for the treatment of wounds and 
excoriated surfaces. All the insoluble compounds of bismuth used 
in medicine produce essentially the same effects. The insoluble 
bismuth compounds are used in x-ray diagnosis. 

Mode of Action , — ^The insoluble bismuth compounds act largely 
mechanically, as protective and drying dusting powders. Applied to 


Salicylic Acid 

Boric Acid 

Zinc Oxide 

Starch 

M. Sig,: Apply as directed. 
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wounds, they dry the secretions and form a protective covering or scaK 
Their action is partly mechanical and partly due to a small amount of 
bismuth tliat goes into solution, and aids by an astringent and mild 
antiseptic action. They are quite effective nonirritant intestinal anti- 
septics, , 

The most commonly used insoluble bismuth compounds are bismuin 
Bubcarbonate and bismuth subnitrate. They answer every purpose ; 
the subcarbonate, however, deserves the preference, since it cannot 
give rise to nitrite poisoning. 

Bismuth Subcarbonate 

Bismuth Subcarbonate is an amorphous, nearly insoluble, basic 
powder, yielding not less than 90 per cent BigO,. It is incompatible 
with sulfides, sulfur, acids, and acid salts. 

Action and Uses , — In the alimentary tract and on skin it is an 
emollient, astringent, and antacid. If the stomach is acid in reaction 
it is in part changed to an in.soluble oxychloride; in the large intes- 
tine it is changed to the black insoluble sulfide. Constipation may 
follow its continued use. On the skin it acts as an astringent and 
by its irritant action as a bleach. 

By oreU administration it is used in the treatment of gastritis, hyper- 
jchlorhydria, peptic ulcer, diarrhea, dy.^entery, etc. As an antidiarrheiCf 
etc., administer 1 gram of the powder in cocoa or milk. Externally it 
is employed as a powder or in ointments in the treatment of ulcers, 
burns, eczema and other skin conditions. When used as a prophylactic 
against sunburn spread on as a paste or powder. 

I^rge do.ses of bismuth subcarbonate — not subnitrate-- are used with 
other agents in the treatment of amebiasis. 

In the treatment of gastritis: 

B 

Bismuth Subcarbonate 20,0 Gm. (3v) 

Sodium Bicarbonate 10.0 Gm. (Siiss) 

M. Make 20 capsules. 

Sig.: One three times a day before meals. 

Bismuth Subnltrate 

Bismuth Subnitrate is a liasic, nearly insoluble salt, yielding about 
^9 per cent Bi,0,. Its action and uses are very similar to those of 
bismuth subcarbonate. It yields CO, when administered! with soluble 
carbonate.s and bicarbonates. The internal use of relatively large 
amounts of the siibnitrate for x-ray diagnosis or other purposes may 
cause toxic manifestation.s, such as cyanosis, diarrhea, dyspnea, and 
death by arrest of respiration. The effects are cau.scd by* the prmliic- 
tion of nitrites by the reducing action of putrefactive bacteria in the 
large intestine. 

Titanium Oxide 

Titanium, a hard gray-colored metal, is widely distributed in nature. 
In the United States it is mine<l in Virginia, Florida, and California. 

Titanium oxide (TiO,) and zinc oxide possess certain properties in 
common: they are nontoxic, protective, mildly antiseptic, and slightly 
antacid. They both posses-s considerable ability to cover surfaces, 
titanium oxide giving three times the “ coverage for equal bulk. 
Although the evidence available is somewhat meager, it may be con- 
cluded that titanium oxide is about equivalent to zinc oxide in ther- 
apeutic value. 
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Dusting Powders 

Dusting powders are dry, Ape, insoluble, noiiirritating powders, 
such as talcum, lycopodium, chalk, and starch. They are used for 
application to irritated, abraded, or inflamed surfaces of the skin or 
mucous membrane. Their favorable action is due to their protective 
action against air and from contact with clothes, and also to their 
absorption of secretions, thus rendering bacterial action less probable. 
Borne of them are antiseptic in character and are used as surgical 
dressings. Others are popular as toilet accessories and cosmetics. 
Most of their virtues are due to their mechanical properties rather 
than to their bactericidal action. Among the agents used for these 
purposes are starch, calcium carbonate (chalk), magnesium carbonate 
and oxide, magnesium silicate (talcum), aluminum silicate (kaolin), 
lycopodium, zinc oxide, titanium oxide, etc. 

Talcum is puriAcd, native, hydrous magnesium silicate sometimes 
containing a small amount of aluminum silicate. It is used as an 
absorbent and protective and as a diluent for more active agents in the 
treatment of many moist skin affections, and for cosmetic purposes. 
Lycopodium, the spores of club moss, is sometimes employed as a 
dusting powder for abrasions, ulcers, etc. Its most common use is to 
prevent uncoated pills from sticking together. Prepared Chalk (CaCO,) 
is an insoluble, amorphous, tasteless powder used occasionally as a 
dusting powder but usually internally as an antacid. Starch is employed 
as a protective and diluent, being prescribed with other agents in the 
form of dusting powders and ointments, in the treatment of prickly 
heat, intertrigo, dermatitis, and various other skin conditions. 

For dusting powder: 

H 

Boric Acid 12.00 Qm. (3iij) 

Talc 

Zinc Steunitc fia i\.s. ad 120.00 Gra. (5iv) 

M. 

Sig. : Dust on aflTected area. 

Calamine 

Calamine is a mixture of zinc oxide and n small amount of ferric 
oxide. It has a pinkish color and earthy appearance and is odorless 
and insoluble in water. 

It possesses astringent and protective action. It is commonly used 
ill a liniment uml lotion in the treatment of skin diseases, such as 
erythema, dermal ills, ec/.eiiiu, and many similar conditions. One per 
cent phenol is often added to the lotion. It is occasionally used in 
ointment form. 

For treatment of herpes progenitalis: 


B 

Zinc Oxide 1.00 Gm. (gr.xv) 

(^alamine 1.00 Gm. (grjcv) 

Glycerin 2,00 cc. (fSss) 

Alcohol 2.00 cc. (fSss) 

Water q.s. ad 60.00 cc. (fSij) 


M. Sig.: Apply freely. SHAKE LABEL. 

Calamine lotion is widely used to relieve itching. If this is to be 
used on unbroken skin, equal parts of limewater and rose water make 
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it less liaWe to cake and somewhat 1 ms drying. If the skin is very dry, 
glycerin may be added or calamine liniment niay be used. 

For generalized pruritus Pusey's Calamine Liniment: 




Tragacanth powder 
Phenol 

Glycerin 

Calamine 

Zinc oxide 

Olive oil 

Bergamot Oil 

Distilled water — 


4.0 Gm. (3j) 

aa 0.67 cc. (Illx) 

aa :iOM Gra. (Sj) 

120.00 ce. (Siv) 

2.00 cc. (3s8) 

.q.s. ad. 480.00 cc. (5xvj) 


M. Sig.: Apply to skin as directed. 


PREPAKATIONS 

Collodion, CoUodium, U.S.P. 

Flexible Collodion, Collodium Flexile, U.S.P., B.P. , . « 

Bismuth Subcarbonate, liLsmuthi Suhcarhonas, U.S.P. Jiixmuthi Car- 
bonotf, B.P. Dosage: 1 Gm. (15 grains ). 

Bismuth Subnitrate, Bismuthi Subnitras, X.P. Dosogt : 1 (tm. (J5 

grains). 

Talc, Talcum, U.S.P. 

Titanium Dioxide, Titanii Dioxidum, N.F. 

Lycopodium, Lycopodium, N.F. 

Calamine Liniment, Linimentum Calamhiae, N.F. Prepared calamine 
(8%) and zinc oxide (h%) in an emulsion of olive oil and solu- 
tion of calcium hydroxide. 

Calamine Lotion, Lotio Calaminae, U..S.P. Prepari*d calamine (8^4 \ 
zinc oxide {S%), and glycerin (2';.r) and bentonite magma 
(40%) in calcium lo’droxide solution. 


IKKITANTS 

Irritants are drug.s which act locally on cutaneous tissue to produ»'e 
the typical phenomena of indammatioii, “ irritation. ^ ^ They injure the 
protoplasm through coagulation, liquefuction, ami other means. They 
are drugs which injure the skin and thus set up defense mechanisms 
w'hich operate to protect the tissue. The milder irritants destroy super- 
ficial cells, especially if disea.sed; but the deeper cells multiply more 
rapidly, facilitating healing and repair. In many skin diseases, irritant 
or stimulant action is desinible, e.g., chrysarobin in psoriasis. 

fiUBEF ACTION. Drugs which produce a first degree irritation charac- 
terized by hyperemia of the blood vessels are called rubefacients. The 
action at first is on the superficial vessels, but penetrates to the diaper 
structures producing Imth dire<!t and reflex action. AssfKdat< 5 d with the 
hyperemia there is a feeling of warmth, itching, ami even pain. If the 
action is stronger than rubef action, it may produce vesication or pustula- 
tion. Mustard, turpentine, camphor, ammonia, ami volatile oils are 
typical rubefacients. Hot water produces rubefacient action. 

Vesicants are drugs which are capable of producing a greater degree 
of irritation. They cause the capillaries to dilate widely and become 
permeable. Plasma escapes into the extracellular spaces, and fluid col- 
lects under the epidermis in small and discrete blisters which later 
coalesce. No fine line of demarcation separates the rubefacients and 
vesicants, Gie degree of irritation depending to a large extent on the 
concentration of the drug and the time during which it is allowed to 
act. Cantharides and ammonia are typical vesicant drugs. 
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PusTULANTS aro another type of irritant which do not penetrate the 
epidermis but only the orifices of the sebaceous glands, acting locally 
at these sites rather than diffusely over the surface of the skin. Pus* 
tulants may produce small multiple abscesses which if the action eon* 
tinues may coalesce. The principal pustulants are croton oil and tartar 
emetic. This group of drugs has few therapeutic indications. 

Oounterirritation. — Irritants produce (1) local changes (as de* 
scribed above under rubefacients, vesicants and pustulants) and (2) 
secondary changes (counterirritation). 

Secondary changes, or counterirritation, are more general in nature 
and affect the whole organism. They arise (1) from reflex stimulation 
of centers in the medulla oblongata, and (2) from vasodilatation in the 
distant organs due to reflex stimulation through the posterior roots. 

Befl£X Stimulation in Medulla Obi^noata. — The medullary centers 
involved are those regulating the heart, tone of the vessels, and respira- 
tion. Temperature, leucocytes, metabolism, and general w'ell-being seem 
to be affected to some extent by skin irritation. Moderate irritation of 
the skin accelerates heart rate and increases blood pressure due to reflex 
stimulation of the vasomotor center, which constricts chiefly the 
splanchnic vessels, while exaggerated irritation slows the heart and 
lowers the blood pressure. Moderate irritation results in a greater sup- 
ply of blood to muscles and skin, ami less to the internal organs. 

Skin irritants on man cause gasping and irregular respiration. Tem- 
perature falls slightly; as a rule internal temperature falls, and skin 
temperature rises. Metabolism is increased slightly and leucocytosis 
is evident. Skin irritation seems to have the general effect of awakening 
the person and improving his mental condition as a whole. 

Vasodilatation in Distant Organs.— S kin irritants are most fre* 
quently employed to influence organs fur removed. Many theories have 
been suggested to explain the effects of counterirritation, but no satis- 
factory explanation has appeared to satisfy the modern scientific mind. 

Mechanism op (Xjuntekirritation. — The afferent nerve fibers from 
the skin contact in the cerebro.spiual axis with efferent vasomotor fibers 
to internal organs. Thus the increased circulation of the skin produces 
a similar condition in deeper skin structures and in visceral organs 
innervated from the same level of the nervous sj'atem. Thus when pain 
arises from an internal organ it is believed that sensory impulses 
simultaneously coming from the skin ns a result of the action of an 
irritant may either alter the character of the pain or, more likely, 
occupy the final common pathway to the partial or complete exclusion of 
pain impulses arising from the viscera. 

At the present time physical means are more widely employed for 
producing hyperemia, irritation, and counterirritation. Heat is often 
the rubefacient of choice. The hot pack, short wave diathermy, and 
other common methods of applying heat arc used for producing localized 
hyperemia. I.<ocalized circulatory changes may also be produced by 
parasympathomimetic drugs employed by iontophoresis for the purpose 
of increasing the blood flow in a localized area. 

The relief of pain may be explained partly by diversion of the 
attention of the patient from disease by the irritants applied, and 
partly by the explanation based on homologous reflexes. 

Therapeutic Vsee of Zrritaiits. — Irritant drugs are especially use- 
ful in medicine for their reflex stimulant action of the central nervous 
system and for their stimulant action in certain skin diseases. 

Due to the development of more eifleient therapeutic agents such 
as antitoxins, antisera, etc., their use in certain diseases such as 
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pneumonia, tuberculosis, arthritis, etc., is almost obsolete. Heat lamps 
and hot packs are usually favored over irritante to produce hyperemia 
or relieve pain in the treatment of certain conditions. 

Many drugs produce irritation and counterirritation. 1 lio following 
are worthy of consideration. 


ATOTnonia. 

Ammonia, NH„ is an irritating gas, soluble in alcohol, and in 
water, in which a part is converted into NH 4 OH. Its solutions are 
incompatible with acids (neutralization), soluble metallic salts (forms 
hydroxides), and with alkaloidal salts (frees alkaloid). The car- 
bonate on exposure to air frees NH„ and in aqueous solution, espe- 
cially hot water, rapidly eliminates NH,. 

Action and Uses . — Ammonia is a stimulant, irritant, and carminative. 

Mode of Action . — When inhaled or given internally in therapeutic 
doses, the irritation of the vapors causes reflex stimulation of the vaso- 
motor centers, with contraction of the arterioles and increased blood 
pressure. The heart may be temporarily slowed then sped up from 
reflex action on the vagus, the cardiac muscle, and the vasomotor 
centers. The action is usually transient, which makes it a valuable 
agent in sudden collapse, fainting, etc. There also results reflex stimula- 
tion of the respiratory center re.sulting in stoppage, and then deef)er 
and fuller respirations. 

Aromatic Ammonia Spirits or Ammonia Water may bo inhaled or 
given internally; place 2 cc. of aromatic ammonia spirits on a hand- 
kerchief and inhale fumes, or take orally 2 cc. well diluted. The aromatic 
spirit has been used as an antacid and carminative. There is some 
doubt as to its effectiveness. Stronger Water of Ammonia should 
not be used internally and should be cautiously used only by inhala- 
tion. The carbonate is often u.sed either in the form of smelling salts 
or given orally. Smelling salts usually consist of ammonium carbonate, 
ammonium chloride, and various volatile oils. 

Externally, ammonia is rubefacient; it is u.scd chiefly in the form 
of liniments. Applied in concentrated form it may blister. 

Preparations 

Diluted Ammonia Solution, Liquor Ammoniae IHlutus, XT.S.P., B.P., 
Nil, (about (9.5%) in distilled water. Dosage: 1 cc. diluted 
with water. 

Strong Ammonia Solution, Liquor Ammoniae Fortis, U.S.P. It is an 
aqueous solution of ammonia containing about 28 per cent of 
NH,. 

Aromatic Ammonia Spirit, Spiritus Ammoniac Aromnticus, U.S.P., 
B.P. Ammonium carbonate (3.4%), ammonia water ( 9 %) and 
oils of lemon, lavender, and myristica in alcohol and distilled wa- 
ter. Absolute alcohol content about 65 per cent by volume. 
Dosage: 2 cc. (30 minims). 

Ammonia Liniment, lAnimentum Ammoniae, N.F. Diluted ammonia 
solution (25%) in oleic acid and sesame oil. 

Ammonium Carbonate, AmmonU Carbonas, U.S.P., B.P. A mixture of 
ammonium acid carbonate and ammonium carbamate, yielding 
about 31 per cent of NH,. Dosage: 0.3 Gm. (5 grains). 

Mustard 

Sinapis Nigra (black mustard) has been used since the earliest time 
both in medicine and as a condiment. Now it is used for its emetic, 
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rubefacient, and vesicant action. The volatile oil is developed from 
black mustard on contact w;th water. This volatile oil is the active 
principle which imparts the pungent odor and taste and the irritant 
properties to mustard. Hlack mustard and white mustard are the 
dried seeds of Jirassiai nifjra and Sinapis alba, respectively. They are 
herbs extensively cultivated in Europe and in America. The seeds of 
both are usually mixed together and supplied as powdered or ground 
mustard. Hlack mustard contains a ferment, myrosin, and a glucoside, 
sinigrin, which decomposes in presence of water as follows: 

c,„ir„KNS2(),„ csNcyr. + + khbo^ 

sinigrin allyl* glucose potassium 

isosulfocyanate bisulfate 

Sinre tin* irritant a«*tion depends upon this fermentation taking place, 
mustard must not. be mixed with very hot water. 

Actwn and Uses. — Musttird is characterized by its emetic, rubefacient, 
and vesicant action. As an emetic a tablcspoonful of powdered mustard 
is given in a glass of warm water. It is used in the form of 
poultices aud plasters in the treatment of bronchitis, jmeumonia, and 
as a count erirr it ant in certain neuralgic or rlieumatic conditions. As 
a counterirritant use: 8 tablespoon fuls of flour, 4 tablespoonfuls of 
mustard, the white of 1 egg, warm water to make a paste; spread 
on a cloth and apply until redness is produced. It should be used 
only to produce rulief action, and ought to be removed before vesica- 
tion occurs. A mustard plaster should be left on for about ten to 
turenty minutes. The volatile oil of mustard may be dissolved in 
alcohol or fixed oils and used as a countcrirritant. 

Preparations 

Hlack Mustar<i. Sinapis Xifira, T\S.P. Dosapr : Kinetic 10 Gm. (2^8 
drai'hiiis ) . 

Allyl Isothiocyanate, Allylis Isothiocyanas, N.F. Volatile Oil of 
Mu.*<tard. ('Ontains not le.*«s than OM per cent of C,H,NCS. 
Mustard Plaster, Emplastrum Sinapis, U.S.P. A mixture of black 
mustanl, derived from its fixed oil, and a solution of a suitable 
adhesive, spread on paper, cotton cloth, or other fabric. Note: 
Before applying mustard plaster it should be thoroughly moist- 
ened with tepid water ( U.S.P.) . 

Camphor 

Camphor, i.s a stcaropten or ketone obtained from the 

volatile oil of Cinimmomum Camphora, the camphor tree of eastern 
Asia. Camphor may be produced synthetically. It forms white, crystal- 
line masses of characteristic odor and taste. These masses are almost 
in.soluble in water, but are freely soluble in alcohol, ether, chloroform, 
fixed and volatile oils. Dry camphor volatilizes readily, but its solutions 
are stable. 

Action and Uses . — Camphor is a stimulant, carminative, and antiseptic. 
On the skin and mucous membranes, camphor is mildly irritant, pro- 
ducing redness and a feeling of warmth and analgesia. Externally, 
it is applied as a mild analgesic and counter! rritant in neuralgia and 
rheumatism in the form of Camphor Liniment (Camphorated Oil), or as 
t^imphor Spirit. It is slightly antiseptic. It is used in “moth 
balls” as a protection against motha 

Inhaled, administered internally by mouth, or injected hypodermioelly, 
it is used as a cardiac or respiratory stimulant in cases of fainting, 
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collapse, and anesthetic narcosis. In faintness, weakness, or 83 mcope, it 
may be inhaled in the form of Camphor Spirit; or this preparation 
may be given internally in doses of 1 cc. (15 minims) for the same 
purpose. Hypodermic injections of 1 to 2 ce. of a 10 per cent solution 
of camphor in oKw oil or almond oil, repeated in 10 to 15 minute inter- 
vals, if necessary, are claimed to be valuable circulatory and reroiratory 
stimulants in collapse from anesthetics and other narcotics. Camphor 
and the monobromated camphor are used in the treatment of colds, 
bronchitis, headache, hysteria, and in analgesic and antispasmodic 
remedies. 

As an inhalation for colds : 

Camphor 

Menthol 1 — aa 2.00 Gm. (Sss) 

Compound Benzoin Tincture q.s. ad 30.00 cc. (fSj) 

M. 8ig. : Use teaspoonful in pitcher of hot water as required. 

The systemic effects of camphor are seriously questioned. Straub 
well expresses this: Germany, at least, there was a time when 

nobody was allowed to die without Camphor." 


Preparations 

Camphor, Camphora, U.S.P., B.P. Dosage: 0.2 Gm. (3 grains). 

Camphor Liniment, Linimentum Camphorae, U.S.P., B.P. Camphor 
(20%) in cottonseed oil. 

Camphor Water, Aqm Camphorae, U.S.P., B.P. Dosage: 10 cc. (2>/^ 
fluidrachms). 

Camphor Spirit, /Spiritiw Camphorae, U.S.P. Camphor (10%), in 
alcohol. Dosage: 1 cc. (15 minims). B.P. 0.3*2 mils. (5-30 
mins.}. 

Monobromated Camphor, Camphora Monohromata, N.F. (C,*TI„0 Hr). 
Dosage: 0.125 Qm. (2 grains). 


Cantharides 


Cantharis consists of the dried insects Cantharis vesicatcria, and 
yields not less than 6 per cent cantharidin The name 

‘^Spanish Flies given this substance is correct according to Solis* 
Cohen, except that it is not a fly, and its use did not originate in 
Spain. TOe insect is closely related to the "potato bug." Cantharides 
preparations have been used medicinally since the earliest times but now 
they are seldom prescribed. 


Pharm acological Action. — Cantharides when applied to the skin 
pr^uce recess, pain, and soon small vesicles which coalesce to large 
bhstors. The action is slow, and penetration is slow, without involve- 
n^t of the layers. Blisters heal readily, leaving no sears. Ap- 

plnmtion ^ 0.04 per cent cantharidin produces a blister within half 
2“ * cantharides plaster (0.033 per cent cantharidin) requires 

four to six hours to produce a blister. 

When taken interaaUy, cantharidin irritates the alimentary tract. 

^ges. When taken oraUy, the Lntion 
b^re the month and throat and hinders swallowing. The action on 

towed^rwUap^”*' “vere pain, often fol 

ttadcolo^.— Cantharidin may be absorbed from the intestine or 
esen from the Uietere, and affeeta chiefly the organa of 
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Small quantities irritate the bladder^ causing a desire to micturate. 
Large quantities may cause qephritis and hematuria, and inflammation, 
of the genitourinary tract, producing pain, irritation, priapism, and 
libido. 

Toxic symptoms may be produced by 0.5 gram or less. Death may 
follow the ingestion of 1.5 to 3.0 grams; it may occur suddenly from 
shock or bo delayed several days and be due to nephritis. Treatment 
consists of emptying the stomach by lavage or apomorphine. Demul- 
cent drinks and opiates are indicated. 

At present cantharidin is contraindicated for use as a diuretic be- 
cause of its injury to the kidneys and because other diuretics are 
more effective. 

Therapeutic Uses. — Cantharis is sometimes used as a counterirritant 
in the treatment of such conditions as neuralgia and sciatica. It is used 
in various hair preparations to prevent alopecia. 

The cerate or plaster is sometimes used for external application. The 
tincture is used with various other applications in hair preparations. 
The drug should never he used internally. 

1‘REPARATIONS 

Uantharidcs, Cantharis, N.F. Cantharidinum, B.P. 

(/antharides Cerate, Ceratum Cantharidis, N.F. Cantharides (35%) 
with oil of turpentine, glacial acetic acid, yellow wax, rosin, 
and benzoinated lard. 

('antharides Tincture, 7'inetttra Cantharidis, N.P., B.P. Cantharides 
(10%), in glacial acetic acid and alcohol. Dosage: 0.1 cc. (1% 
minims). Its internal use is not desirable. 

Chloroform 

Chloroform is a heavy, colorless, volatile liquid with a character- 
istic, penetrating odor and sweetish taste. It is soluble in 200 parts 
water, freely miscible in alcohol, ether, petroleum, and in flxed and 
volatile oils. To prevent deterioration keep in amber-colored glass 
bottles stored in a cool dark place. 

Action and Uses . — Chloroform is a general anesthetic, sedative, rube- 
facient, carminative, anodyne, and antispasmodic. (For general action 
and toxicology, see Chapter X.) On the skin chloroform may produce 
redness and even vesication, if evaporation is retarded. It acts as a 
carminative and intestinal stimulant when given internally. Externally 
it is an ingredient of liniments used for sprains, strains, etc. Decided 
rubefacient action is effected by covering the area after applying. The 
official Chloroform Liniment (chloroform 30% and soap liniment) is 
used alone or with other agents, or chloroform is prescribed with soap 
liniment in other preparations. 

For external application: 


Menthol 4.00 Gm. (3j) 

Chloroform 30.00 cc. (fSj) 

Camphor and Soap Liniment 180.00 cc. 


M. Sig.: Apply as directed. 

Preparation 

Chloroform Liniment, tinimenium Chlorofortni, U.S.P., B.P, A mixture 
of chloroform (30%), camphor and soap liniment. Caution: 
Chloroform liniment deteriorates with age. 
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Turpentine 

Tm-pentine is an oleoresin obtained from various 
P»niM. Turpentine and its related preparations have been used since 
ancient times. 

Action and Turpentine and its preparations 

septic, carminative, rubefacient, eounterirritant diuretic, 
tic action. It is readily absorbed from the skin lungs and 
tract It is excreted largely by the kidneys. Small doses cause no- 
ticeable systemic effects. In larger doses (15 to 150 cc.), fatal poison- 
ing may occur. 

Since oil of turpentine is very irritating it should be administered 
as an emulsion or with a bland oil. It is frequently administered 
as turpentine stupes.'' It may be used as a liniment or as a stupe 
in the treatment of neuralgia, neuritis, and rheumatism. The * ‘stupe," 
prepared by adding the oil to flannel cloth, previously soaked in hot 
water and wrung out, has been a common household remedy for treat- 
ment of various rheumatic pains, renal colic, intestinal distention, etc. 
It must be removed as soon as it produces pain, bet‘ause otherwise it 
will blister. The oil is very penetrating, and if vesication is produced 
the lesions are very painful and heal slowly. 


Preparations 

Turpentine Oil, Oltutn Ter^hinthiiuu , r.JS.I*. **S[>irii.s of Tin j>eii! in**. ’ ' 
Rectifled Turpentine Oil, Oleum I'enbinthtmu JltcUJkatum, N.F. Jile 
distilled turpentine oil. Oleum Terebinth inae, P.P. Dosngt : 0..’i 
cc. (5 minims). 

Turpentine Oil Emulsion, Fmulsum Old Tcrehinthintu. , N.E. Ke^difled 
turpentine oil (15%) with acacia and ilistillf*d water. Dosage: 
2 cc, (30 minims). 

Turpentine Liniment, lAnimnitum Tervhinthinae^ X.F., B.P. Itosin 
cerate (65%) in turpentine oil. 

Balsams 

Balsams are mixtures of resins, volatile oils, benzoic and cinnamic 
acids, and their esters. The oil.s act as antiseptics. The oils and 
resins are mildly irritant, thus stimulating repair. The resins also 
furnish local protection, thu.s aiding healing. 

Peruvian” Bals.\m. — This compound, obtained from a tree of ('entral 
America, the Toluifera Pereirae, contains from 25 to 30 per cent resin 
and from 55 to 65 per cent of volatile oil (esters of lienzoic and 
cinnamic acids) to which it owes its thenipeufic virtues. It is a thick 
brown liquid, possessing a vanilladike odor and a bitter taste. It 
is soluble in alcohol and nearly insoluble in water. 

Action and Uses . — Peruvian Balsam is antiseptic, mildly irritant and 
stimulant to the skin and mucoms surfaces. Equal parts of Peruvian 
Balsam and castor oil are recommended for the treatment of hed sores. 
It is useful in the treatment of ringworm (epiderroophAlosis). The 
following prescription is useful: 

B 

Ether— 2.00 cc. (fSss) 

Peruvian Balsam 4.00 Om. (3j) 

Flexible Collodion q.8. ad 30,00 cc. (fjj) 

M. Big*: Open vesicles and apply antiaeptically. 
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Peruvian Balsam, applied as a 10 per cent ointment, is indicated in 
the trotitment of impetigo contagiosa. A 4 to 8 per cent concentration 
in 10 per cent sulfur ointment is indicated in the treatment of scabies. 
Internally, it may bo used as a stimulant and disinfectant expectorant 
in chronic bronchitis and other discharges from the mucous membranes. 
It is said to increase cell division. 

Tolu Balsam. — Like Peruvian Balsam, Tolu balsam is a mixture 
of resinous matter (75 to *80 per cent) with cinnamic and benzoic acids 
and their esters. It is a feeble stimulant expectorant; Tolu Balsam 
Syrup has an agreeable vanilla-like flavor. It is insoluble in water, sol- 
uble in alcohol. It is an ingredient of Compound Benzoin Tincture, 
U.fci.P., which is often employed in obstinate catarrhs by inhalation of 
the vapor. 

As a constituent of cough remedies: 

Codeine Wulfate 0.16 Gm. (gr. iiss) 

tSodium Citrate 8.00 Gm. (3ij) 

Tolu Balsam Tincture 30.00 cc. (fSj) 

Distilled Water q.s. ad 90.00 cc. (fSiij) 

.M. Sig.: Teaspoonful every two hours. 

Benzoin. — Benzoin is a bal.samic resin of Siyrax benzoin, a tree of 
South Asia. It has the stimulant and expectorant properties of benzoic 
acid, and is used for the same purpo.^s. Benzoin contains benzoic 
acid, cinnamic acid, and resins. 

/iction and Uses. — Benzoin is useful in the treatment of ulcers, bed 
sores, ainl various skin lesions. Compound Benzoin Tincture acts as 
a stimulating expectorant. It is applied as ** varnish'' to *‘chaps" or 
abrasions, ulcerated surfaces, chafed palms, etc. It is mildly antiseptic 
and astringent. It is frequently administere<l by adding a teaspoonful 
to a glass of water and inhaling the vapor. It possesses a pleasant odor 
and acid ta.ste. Its active constituents are soluble in alcohol and insolu- 
ble in water. 

As an inhalant in whooping cough : 

U 

Menthol 

Camphor . -Ari 4.00 Gm. (3j) 

Compound Benzoin Tincture — q.s. ad 60.00 cc. (,fSij) 

M. Rig.: r so a teaspoon fill in a quart of hot water 
by inhalation. 


Preparations 

Peruvian Ihil.Ham, lUifsamum Pi i uvianum, U.S.P., B.P. (Peru Balsam.) 

Tolu Hal.sam, Batsamum Toluionunu P.S.P., B.P. (Tolu.) 

Tolu Balsam Syrup, tSyrupus Jialsami Tolutani, U.S.P. (Syrup of 
Tolu). Tolu balsam tincture (5*/r) with mugiu'siuni carbonate, 
suciose and distilled wafer. Posage: 10 ec. (2*4 fluidrachms). 

Tolu Balsam Tineturo, Tinctura Jialsami Tolutani, U.S.P. Tolu balsam 
(20%) in alcohol. Dosage: 2 cc, (30 minims). 

Benzoin, Brnsainum, U.H.P,, B.P. 

Benzoin TincUm\ Tinctura Benjsoini, F.s.P. Benzoin (20%) in alco- 
hol. Absolute alcohol content nlnnit 79 per cent. Dosage: 1 cc. 
(15 minims 
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Compound Benzoin Tincture, Tinctura Benzoini Camposita, 

Benzoin (10%), aloe (2%), storax (8%), Tolu 

in alcohol. Absolute alcohol content about 77 per cent, ifo* ag . 

2 cc. (30 minims). 

Ohrysarobln 

Chrysarobin is a mixture of neutral principles obtained from Goa 
powder, a substance deposited in the wdod of a Brazilian tree 
Vouacapoua (Aguiar) araroha. It is a brownish material very slightly 
soluble in water and slightly soluble in alcohol. It is soluble in chloro- 
form (1:23). 

Phaimacological Action. — ^This compound is antiseptic and has a 
powerful irritant action on the skin. Various hydrocarbons, includ- 
ing coal tar, pyrogallol, resorcin, and chrysarobin, are used to reduce 
scaling and hypertrophy of the horny layer of skin. Chrysarobin is 
more active than tar and must be used with caution. It absorbs 
oxygen readily and is converted into chrysophanic acid. It is strongly 
irritant to the skin and mucous membranes. 

Toxicology. — Chrysarobin when applied to the skin in susceptible 
persons causes itching, swelling, and pustular eruptions. It should not 
be used about the eyes. When swallowed it irritates the gastrointestinal 
tract, causing vomiting and purging. It may injure the kidneys, 
causing nephritis. Small doses may cause nephritis and albuminuria. 

Therapeutic Uses . — Skin Diseases . — Chrysarobin is employed as an 
ointment (5 to 25 per cent) in the treatment of psoriasis, lupus, ring- 
worm, etc. It is also effective against herpes tonsurans, eczema and 
pityriasis versicolor. It should be applied only over small areas, and 
should not ^ allowed to come in contact with the eyes. 

In psoriasis f chrysarobin is undoubtedly effective in more cases than 
any other drug. Treatment is usually begun with 5 per cent strength 
and increased to 25 per cent. The drug may be applied in collodion 
to be painted on, a method more acceptable to the fastidious patient 
but less effective than the ointment. 

Chrysarobin is a potent drug and should not be employed on the 
scalp or face because of the danger of setting up a severe dermatitis. 

For psoriasis (Sutton and Sutton): 

B 

Chrysarobin 4.0 Gm. (3j) 

Petrolatum q.s. 30.0 Gm. (Jj) 

M. Sig.: Rub in three times daily. (The activity of 
this irritant is promptly counteracted by the ap- 
plication of 1:3000 aqueous solution of potassium 
permanganate.) 

Dioxyanthranol Is a synthetic compound resembling chrysarobin. It 
is said to be more active, less toxic, and more pleasant to use than 
chrysarobin. 

Prepabatxons 

Chrysarobin, Chrysarohimm, U.S.P., B.P. 

Chrysarobin Ointment, Unguentum Chrysarohini, U.8.P. (6%), B.P 

(4%). ^rygarobio (6%), yeUow ointment (87%), and chloro 

fom (7%). 
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Juniper Tar 

Juniper tar (oil of cade)' is a dark brown, thick liquid having a 
tarry odor and an aromatic bitter taste. It is slightly soluble in 
water and partially soluble in alcohol. It is a volatile oil. 

Action and Uses. — Juniper tar possesses antiseptic, irritant, and ex- 
pectorant action. It is used as an epidermal stimulant in chronic 
inflammatory diseases; it acts like tar. It is usually prescribed with 
other agents and is well diluted with a bland ointment base. 

In the chronic stage of eczema the best available preparations are 
cade oil and pine tar. Juniper tar may be the least unpleasant. In 
the treatment of scabies 10 per cent juniper tar is added for antipruritic 
effect in the following prescription. 

B 

Juniper Tar 12.00 cc. (fSiij) 

Sulfur 24.00 Gm. (3vj) 

Soft Soap aO.OO cc. (fSj) 

Petrolatum 48.00 cc. (fSiss) 

M. Sig. : Apply externally as directed. 

Preparation 

Juniper Tar, Fix Jxiniperi, U.S.P. 

Pine Tar 

Pine tar is a product obtained by the destructive distillation of the 
wood of various species of pines (Pinus), It is a black semiliquid 
material with an einpyrcumatic odor and taste. It is soluble in 
alcohol, but only slightly .soluble in water. When tar is distilled it 
yields a liquid portion, rectified oil of tar (used as an external anti- 
septic, irritant, parasiticide, and in skin diseases), acetic acid, and 
black rosindike residue. The composition of pine tar is largely 
phenolic and upon this depends its medicinal value. 

Action and Uses. — Its must important internal use is as a stimulating 
expectorant for chronic bronchitis. It is used externally as a stimulat- 
ing and antiseptic application for chronic skin diseases, such as eczema, 
psoriasis, tinea, and scabies. Its anesthetic properties make it valuable 
as an antipruritic* 

Pine tar may be prescribed with other agents, such as phenol, boric 
acid, sulfur, etc., and well diluted with a bland ointment base. Pine 
Tar Ointment is antipsoriatic, antiseptic, astringent, and is said to 
promote healing in chronic skin lesions. 

In treatment of chronic eczema: 

B 

Pine Tar 2.00 Qm. (Sss) 

Precipitated Sulfur 2.00 Gm. (Sss) 

Zinc Oxide Ointment q.s. ad ;10.00 Gm. (Sj) 

M, Sig.: Apply as directed. 

All tars are stimulating and must be used with caution in dermatitis. 
It is a good plan to try out the tar preparation on a small part of the 
inflamed area before applying it to a larger area. If eontinu^ too long, 
tars often cause folliculitis, and they must be diseontiausd. 
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For infantile eczema (Tuft^a Clinical Allergy). 

Pine Tar... 

Zinc Oxide 

Htarch 

Petrolatum 

Mix and make an ointment. 

Sig.: Apply as directed. (If it causes irritation, 
use only one drachm of coal tar in mixture.) 

When applied in a thin coat this ointment is antipruritic, drying, and 
very effective in infantile eczema. The ointment should be renewed at 
least once a day, after removal with oil. If more body to the ointment 
is desired, the amount of zinc oxide may be increased. 

Pkeparations 

Pine Tar, Pm? Piwi, I^8.P. Pix Liqiiida, Ikl*. 

Rectified Tar Oil, Oleum Picis Pectificatum, U.S.P., H.P. 

Pine Tar Ointment, Unffuentum Picis Pinif P.S.P. Pine tar 
yellow wax (lo^/c ) and yellow ointment ( .‘io'/f ) 

ABTKINUKNT8 

Astringents are substances which, acting locmlly, produce visible 
contraction of tissue, blanching and wrinkling of mucous membranes, 
and diminished exudation. On local application to the skin or mucous 
membrane they produce a slight precipitation of the proteins on the 
surface layers of the tissues; this leads to a slight shrinkage of tliese 
layers, with a loss of some of their sensitivity, especially if an intlam' 
matoiT condition exists. In the mouth and throat astringents produce 
a puckering sensation. 

When applied to inflamed mucous membranes or to wound.s they 
produce on the surface a thin protective film, diminish formation of 
transudation of secretions, check migration of leucocytes and the 
formation of pus, and contract superficial tissues. The precipitation 
the superficial protein layers resulting in hardening of the 
epidermis reduces the absorption of toxins and protect.s the inflamed 
mucosa against irritants. Some claim that astringent drugs have a 
vasoconstrictor action, thus diminishing the size of the vessels, and 
consequently decreasing the amount of exudation from them. Astrin- 
gent action may lessen secretion on mucous membranes by direct 
action on the secretory cells or possibly a better explanation is 
that the lessened secretion is due to the indirect results of the protec- 
tion afforded the surface cells. 

Astringents are used for the following purposes: 

!• To protect inflamed mucous surfaces. 

2. To reduce h^ersecretion. 

3. To relieve diarrhea and dysentery. 

4. To reduce swelling, inflammation, and secretion in urethritis. 

5. To prevent bleeding from small wounds. 

The most commonly used astringents are Vegetable Astringents 
(tannic acid, acetyltannie acid, albumin tannate, krameria, kino) and 
MetaUic Artringents (alum, copper sulfate, zinc sulfate, lead acetate, 
Monsel’s solution). 


8 Gm. (3ij) 
16 Gm. (3iv) 
30 Gm. (3j) 
120 Gm. (Siv) 
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TANNIC ACID AND DEEIVATIVES 

Tannic add, tannin, is usually obtained from young twigs 

of certain oak trees, and is the result of the puncture and deposited 
ova of a small insect. It is odorless, bitter in taste, and very soluble 
in water, alcohol, or glycerin. It is incompatible with most metallic 
salts, albumin, oxidizers, and alkaloids. The acid commonly re- 
ferred to as tannic acid is gallotannic acid, the anhydride of gallic 
acid. The chemical relationship between gallic acid and tannic acid is 
expressed in the following formula: 

COOH 

/\ 

C„H„0, + H,0 -> 2 


Gallotannic Acid 


HO'^yOH 


OH 

Gallic 


Acid 


Pharmacological Action. — The most important pharmacological 
action of tannic acid, or the taniiins, is its activity as a precipitant. 
Duo to its protein precipitant action it acts as an astringent, hemo- 
static, and antiseptic, the latter mainly by depriving bacteria of food. 

Besides being a protein precipitant, tannic acid also forms insoluble 
complexes with many heavy metals, alkaloids, and glycosides. This 
action makes tannic acid an excellent chemical antidote in poisoning. 

Tannic acid has little action on intact skin, but on abraded tissue 
it precipitates protein and acts as a protective due to a film of 
precipitated proteins. 

^fany plant preparations of crude drugs contain tannic acid and its 
precipitant action with proteins, alkaloids, and glycosides must be 
remembere<l in coniimunding prescriptions. 

Action on the Gastrointestinal Tract. — When taken orally, some 
of the tannic acid unites with proteins before it reaches the stomach. 
Some digestion takes place, forming tannic acid again. The astrin- 
gent action continues for some time in the intestine by combining 
with proteins and suppressing mucous secretion. The administration 
of tannic acid prolm}»ly has little oiTect on the peristalsis of the nor- 
mal intestinal tract, but it does tend to arrest diarrhea by temporar- 
ily allaying intestinal inflammation through its astringent action. 
Tannin may also affect the intestinal flora by precipitating the yeasts 
and microorganisms. This action would tend to lessen putrefaction 
and decrease peristalsis, and possibly prevent absorption of toxic 
products. 

Toxicology. — Small doses of tannic acid produce a bitter taste, dryness 
of the mouth, and partial loss of taste. Nausea, vomiting, and hard 
stools result. Larger doses produce corrosion, pain, vomiting, and diar- 
rhea or constipation. 

Therapeutic Uses. — Internally, tannic acid has been used in the 
treatment of diarrhea; but tannic acid itself produces excessive gastric 
irritation. This has prompted the introduction of relatively insoluble 
tannin compounds which would have little action on the stomach due 
to insolubilitv in acid solution, but with j^eater action in the intestine 
due to solubility in alkaline solution. This object has not been entirely 
attained due to the varying pH of the intestinal contents. 

Diarrhea. — Internally, tannic acid is seldom prescribed as such; its 
less soluble derivatives, acetyl tannic acid, albumin tannate, and protan, 
are preferred. As has been explained, acetyltannic acid and albumin 
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glycerin, and nearly insoluble in alcohol. It is incompatible with 
alkalies, carbonates, salts offend, mercury, iron, and tannic acid. 

Action and Uses , — Alum possesses astringent, styptic, and emetic 
action. It is rarely used internally. The Powdered Alum or the 
Exsiccated Alum may be prescribed alone or with other agents as 
astringent powders, lotions, or douches. 

Solutions of alum are used locally in the treatment of hyperhidrosis, 
to harden skin, and as a vaginal douche in vaginitis. Locally, Exsic- 
cated Alum is used to arrest bleeding. 

Solution of Aluminum Subacetate is used as a mild irritant, 
astringent, and antiseptic in dermatology. This solution, diluted with 
5 to 10 parts of water, is useful in the treatment of eczema in the 
early stage. Alum and .sodium bicarbonate are used in baking powder. 

Preparations 

Alum, Alumerit U.8.P., B.P. Dosage: As a gargle, in from 1 to 5 per 
cent solution (somewhat injurious to the teeth); as an injection 
in gonorrhea, in from 0.5 to 1 per cent solution; as a lotion in 
skin diseases, in 1 per cent .solution. 

Exsiccated Alum, Alumcn Kxsiccatum, II.H.P. Anhydrous AlNH 4 (S 04 )j 
or anhydrous AIKCSO^),. 

Aluminum Acetate iSolution, Liquor Alumini Acetatis, N.F. Yields 
about 1.11% AljO, and about 5% CllaCOOll. 

Copper Sulfate. — Copper sulfate in dilute solutions is astringent, 
while concentrated solutions are caustic. Like other metallic salts, it 
precipitates protein.*^, forming albuiniimtes and liberating free acid. 

Solution.^ of 0.1 to 3 per cent may be employed as astringents in 
conjunctivitis, urethritis, and Its use as a mouthwash or as 

an oral antiseptic has the disadvantage of producing greenish stains 
on the teeth. It is used in 1.5 to 2 per cent solutions in the treatment 
of ulcerative stomatitis. 

Zinc Sulfate. — Zinc sulfate po.'jsesses an astringent action similar 
to that of cop{>er sulfate, though milder and less irritant. Solutions 
of 1 to 5 {M?r cent are used i\a astringent washes in catarrhal and 
ulcerative stomatitis and pharyngitis. Solutions of 0.25 to 0.5 per cent 
are indicated for eyewashes in conjunctivitis. Irving recommends zinc 
sulfate (0.(5 Om. to 30 cc. water) in the treatment of poison ivy. 

The use of an astringent, such zinc sulfate, is indicated to over* 
come the catarrhal couditiou of the mucous membrane in the terminal 
stages of gonorrhea. Zinc sulfate may be u.sed alone or with phenol, 
resorcin, or lead uci^tale. The following is an acceptable prescription. 


n 

Zinc Sulfate 0.75 Gm. (gr.xij) 

I.s»ad Acetate 1.30 Gm. (gr.xx) 

Water q.s. ad 120.00 cc. (iSiv) 


M. 8ig. : Apply as directed twice daily. 

X«ead Acetate. — ImA acetate and lead subacetate (*Mead water’*) 
solutions are more astringent and less irritating than other metallic 
salts (McGuigan). A saturated alcoholic solution is used as a lotion 
in Rhus (ivy) poisoning, but its application should not be continued too 
long, L^d acetate has been employe^] in the treatment of diarrhea, 
dysentery, gonorrW, vaginitis, and various skin diseases; lead solutions, 
however, are so liable to produce chronic poisoning that they should 
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noTer be used internally or on open surfaces; and even on skin diseases 
their use should be with extreme caution. 

Solution of Lead Subacetate, diluted from 15 to 30 times before 
application, is employed as an astringent and antipruritic in inflamma' 
tory conditions of tlie skin and as an application to bruises. Caution 
should attend its use on denuded surfaces. 

Preparations 

Cupric Sulfate, Cupri Sulfas, U.S.P., B.P. Dosage: 0.3 Grn. (5 grains). 
Zinc Sulfate, Zinci Sulfas, U.S.P., B.P. Dosage: Locally, 0.1 to 1 per 
cent in collyria; 0.5 to 4 per cent in injections (gonorrhea). 
Lead Acetate, Plumbi Acetas, U.S.P., B.P. Lead acetate (sugar of 
lead) contains from 85.31 to 89.57 per cent of Pb^CalljOj):. 
Solutions of lead salts are incompatible with cnrbonate.s, hy<lrox 
ides, iodides, chlorides, and sulfates. 

Lead Subacetate Solution, Liquor Plumbi Suharetatis, N.F. t’ontains 
lead subacetate corresponding to about lead. Idquor 

Plumbi Subacetatis Dilutis, B.P. 


STYPTICS 


Styptics are remedies used to check hemorrhage w'hen applied 
loeally. The most common are sodium alum, silver nitrate stick, solu- 
tions of ferric chloride, ferric subsulfate (Mon.^el’s .solution), epi- 
nephrine solution, thromboplastin (5%), and tannic acid, .\ntipyrine. 
local anesthetics, cotarnine salt.s, Dakin’s solution, and peptone increase 
bleeding. 

CAUSTICS OR CORROSIVES 


Caustics or corrosives are agents which destroy normal and necrotic 
tissue through their chemical and physio-cheraicai action. The ancient, 
and even the modern, practitioner used the red hot iron for actual 
cautery. The electric cautery is us^ed for removing .small growths, for 
treatment of indolent ulcers, and for treatment of snake and dog 
bites. 

Caustic drugs are clo.sely related to irritants, antiseptics, and astrin- 
gents. In fact the chief differences that lie between these clas.ses of 
drugs are^ due largely to the concentration of drug employed. Many 
dru^ which are caustic in full strength are anti.septic, irritant, and 
astringent at lesser concentrations. Caustics destroy living and dead 
tissue, some acting superficially and others penetrating more deeply. 
Since they destroy organic matter they are also disinfectants. 

In the treatment of certain skin diseases, such as lupu.s vu]gari.s 
warts, etc., actual destruction of the lesions bv means of caustics is 
employed. 

Mode of Action of Caustlcs.~-Cau8tic drugs act in the following 


1. By PRECIPITATINO PROTEINS.— Many of the acids and salts of 

precipitants and active caustics. The caustic 
°i such as zinc chloride, not only precipitate protein, but 

also liberate free acids which are irritant and caustic. 

2. By Oxidation ANp Reduction. — Strong oxidizing agents, such as 

I ’‘TT pouLium pern." 

cmtal^ liberate oxygea, which chemically uni^s with hydroMn 

tbe^ **** mdecnlea of the tiMnes and thus disintegrate* and destr^s 
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3. By Hydration. — The concentrated mineral acids and caustic 
alkalies have an abilit)^ to destroy cells by extracting water from them. 
Concentrated sulfuric acid has' a powerful ability to split off H + O with 
carbon, leading to carbonisation and subsequent death of the tissue cells. 
Besides carbonizing cells the mineral acids precipitate protein. 

The caustic alkalies may saponify fats (form soaps), producing 
escharotic effects. 

4. By Dissolution ok Proteins. — Sodium, potassium, and calcium 
hydroxides are powerful caustic alkalies. Potassium and sodium ear* 
bonates are very mild caustic alkalies. 

Use of Caustics. — Caustics, corrosives, and escharotics are used for 
the following purposes: (1) to remove warts, h 3 rpertrophies, and 
other growths; (2) to sterilize bites from dogs, snakes, etc.; (3) 
to stimulate growth and repair of indolent granulation; (4) to destroy 
such infections as chancres, carbuncles, etc.; (5) to stimulate healing 
and repair of fistulas, abscessed tracts, etc. 

Toxicology of Caustics and Corrosives. — Poisoning by caustics taken 
orally is characterized by burning, pain, dysphagia, and loss of tissue. 
The taste is characteristic of the type of caustic, i.e., acid, alkaline, 
metallic, etc. 

hMrther symptoms are those of severe gastroenteritis. Bloody 
vomitus and diarrhea are characteri.stic findings. Collapse, shock, and 
rise in temperature may follow from destruction of tissue and ab- 
sorption of chemical product.^ from injured areas. Perforation may 
follow extreme caustic action; then the clinical picture resembles 
that of peritonitis. Death may result from shock, or it may follow 
in n few days from gradual collapse. Scar tissue followed by gradual 
stenosi.s may load to extremely dangerous after effects. For example, 
the esophagus may be constricted by scar tissue formation, resulUng 
in starvation unles.s repeated dilatation is performed to allow for passage 
of food. Postmortem findings are those of characteristic stains and 
corrosions of the alimentary tract. 

Treatment, — Usr vincirar or diluted acetic acid to neutralize alkali 
poisons, followe<l Inter by <lemulcents such as olive oil to protect irri- 
tated mucous membranes. If the poison is a caustic acid, administer 
magnesia magma, 100 to 500 cc., or if not available, sodium bicarbonate 
solution or even water to tiihite the poison. White of egg or olive oil as 
a demulcent is indicated. The pain may require the use of morphine. 
Stimulants may be necc.^sary; if so, administer caffeine hypodermically. 
If the cau.<(tic proiluces a severe action on the skin the tr^tment is like 
that for burns, mainly neutralizing and removing the corrosive agent 
Salves and oils are useful. 

The commonly employed caustics are: chromic trioxide, arsenic tri- 
oxide, siher nitrate, nitric acid, acetic aciti, trichloroacetic acid, salicylic 
acid, cupric sulfate, zinc chloride, iodine, and various .alkalies. 

Chromic Trloxide 

Chromic trioxide (OrO,) is a dark purplish-red, crystalline or 
needleliko substance. It is deliquescent in air and soluble in water 
( 1 : 0 . 6 ). 

Action ami Uses . — Chromium trioxide is an active and powerful 
caustic. It is an oxidizing cauteraiit difficult to control, hence its useful- 
ness is limited. The pure crystals or solutions of from 25 to 50 per 
cent strength may be used for destruction of ulcers, corns, UHsrts, and 
other growths. Chromic *^acid** is applied to warts in 20 per cent 
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solution. In 5 to 10 per cent solution it is recommended for local ap- 
plication to the gingivae in Vincentes infection and for ulcerative 
stomatitis. 

In nasal hemorrhage from ulcer of the septum. Holt recommends ap- 
plication of chromium trioxide to the ulcer. Dilute solutions are used 
to check local sweating. 


Arsenic Trioxlde 

Arsenic trioxide (Aa,0,) is a tasteless, white powder, soluble in 
water (1;30 to 1:100) and slightly soluble in alcohol. It is readily 
dissolved in acid or alkaline solutions. Solutions of arsenic are in- 
compatible with salts of iron and of magnesium, limewater, and 
tannic acid. 

Actum and Uses. — Locally, arsenic trioxide is a protoplasm poison, 
producing inflammation and death of tissues; When applied to denuded 
or ulcerated tissue it has a mildly caustic and painful action. It has 
been used as a caustic, especially for malignant growths, but the painful 
character of its applications, and danger of absorption have limited its 
use. Be<»use of its stimulating and l^neficial action on skin, character- 
ized by innervation and nutritional disturbances, arsenic is used with 
considerable beneflt in such diseases aS^ psoriasis, lichen planus, 
pemphigus, and lupus erythematosus. 

In lupus erythematosus equal parts of arsenic trioxide and acacia 
are made into a paste with a saturated solution of cocaine hydrochloride 
and spread over the diseased area. Treat only one square inch at a 
time, leaving on for 24 hours. 

Silver Nitrate 

Silver nitrate, AgNO„ is a colorless, grayish black crystalline sub- 
stance, soluble in water (1:0.4) and in alcohol (1:30). It is incom- 
patible with the halides, carbonates, and hydroxides. 

Action and Uses . — Silver nitrate acts as" an astringent, irritant, or 
fustic, according to the strength and duration of its application. 
The skin turns white, gray, and finally black by reduction to metallic 
Sliver and oxide. The caustic and astringent action may l)e stopped 
by sodium chloride. 

Silver nitrate is applied as a mild caustic to wound.s, ulcers, and 
exuberant granulations. As a cau-stic, it is used in the form of tough- 
ened silver nitrate (silver nitrate plus 5% silver chloride). This 
IS moistened and applied on affected areas. 

Nitric Acid 

Nitric acid is a colorless, fuming, caustic liquid, miscible with 
containing 68 per cent, by weight, of hydrogen nitrate 
(HNO,). It IS almost universally incompatible. 

Aci^ and Nitric acid is a powerful caustic, being used for 

removing warts and small nevi, for cauterising chancroids and other 
sores, and for cauterizing dog bites (rabies). In rabies cauterize 
wound at once with fuming nitric acid. When being used for caustic 
purposes, the surrounding healthy tissue should be protected by a 
coating of petrolatum and the acid applied with a glass rod or wooden 
applicator. 

In treating warts nitric acid is applied full strength with a glass rod 
and neutralized with salt solution when it has corroded deeply* enough. 
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In cauterizing chancroid ulcers, the ulcer is well cleaned, then wet 
with a 10 per cent solution pt cocaine hydrochloride. After drj^g, 
the area is carefully covered with a thin layer of concentrated nitric 
acid. 

In ^‘canker sores the application of the silver nitrate stick is ef- 
fective. 

Acetic Acid 

Dilute Acetic Acid is officially prepared by adding 15.8 cc. of acetic 
acid to enough distilled water to make 100 cc. Good vinegar corresponds 
approximately to dilute acetic acid. It is used as a local astringent, 
and internally or by inhalation as a stimulant. 

Glacial Acetic Acid is employed as an escharotic. The crystalline 
form is mainly employed with sulfate of potassium in the preparation 
of smelling-salts. 

TRicHiiOROACETic AciD is prepared by treating acetic acid with 
chlorine. It occurs in the form of deliquescent crystals and is used as 
an escharotic for the removal of warts, corns, small tumors, and hyper- 
trophies, It may be applied to warts with a glass rod. In 5 to 10 per 
cent solutions it may be applied to chronic ulcers and mucous patches. 
Trichloroacetic acid may be used on the lesions of lupus erythematosus 
by painting on with a cotton applicator once a week, the parts having 
first iMJcn cleansed with benzene to facilitate penetration. Scars includ- 
ing those caused by smallpox are reported to be sometimes successfully 
removed by trichloroacetic acid. 

Salicylic Acid 

Salicylic acid, H.C^IIjOg, is a colorle.ss crystalline powder, slightly 
soluble in water (1:400) and freely soluble in alcohol (1:2.7). It is 
incompatible with iron salts and with spirit of ethyl nitrite. 

Action and Uses . — Salicylic acid is antiseptic, stimulant, and some- 
what corrosive. When applied to skin salicylic acid, in a concentrated 
solution, produces a slow painless destruction of epithelium. Strong 
solutions also cuupe considerable irritation and superficial corrosion of 
mucous membranes. Since it softens enamel on teeth, it should not be 
used in mouthwashes. 

Solutions of from 1 to 20 per cent in flexible collodion are used as 
keratolytic agents in the treatment of corns. Salicylic acid in about 20 
per cent concentration, combined with various other agents, such as 
collodion, lanolin, etc., is used in the treatment of warts. Because of 
the keratolytic action of salicylic acid, it is a constituent of many 
formulas used in the treatment of skin diseases when mild caustic 
or keratolytic action is desired. 

Ouprlc Sulfate 

Cuprie sulfate, Cu80^.5H,0, occurs as large transparent, blue, odor- 
less crystals, granules, or powder, having a nauseous, metallic taste. 
It is soluble in water (1:3), but only slightly soluble in alcohol 
(1:500). 

Action and Uses , — Cupric sulfate is astringent in small doses and 
caustic in large doses, depending on the concentration used. 

It is employed as a mild caustic in trachoma. As a caustic, a crystal 
or pencil (made by fusing one part of potassium alum and two parts of 
cupric sulfate) is used. In treating trachomatous lids the affect^ parts 
of the everted lids are touched lightly with the copper stick and the 
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eye is then waslied with warm water. Cupric sulfate is also used in the 
treatment of chancroid ulcers. The ulcer is lirst anestiiotized vvitli 10 
per cent cocaine solution, then a 25 per cent copper sulfate solution is 
applied. This is left on for three to four minutes, followed by a 
dusting powder (thymol iodide) or by a gauze spread with petrolatum. 
In ringworm (epidermophytosis) 0.4 per cent copper sulfate may be 
applied to the vesicles after they are opened aseptically. 

Zinc Chloride 

Zinc chloride, ZnCl„ is a white granular powder; it may bo a mass 
^r be made into pencils. It is very soluble in water or alcohol. 

Action and Uses.— Z\nc chloride is used as an escharotic on granula- 
tions, ulcers, etc. In the treatment of chancroid ulcers, the lesion is 
cleaned with a 10 per cent solution of cocaine hydrochloride, then 
touched with phenol. The phenol is cleaned olT with water and zinc 
chloride is applied for its caustic action. It.s action should be stopped 
soon after application by flushing with water. 

Iodine 

Iodine is a heavy, bluish-black, crystalline substance, with a sharp 
odor and acrid taste. It is slightly soluble in water (1:3,000), but 
soluble in alcohol (1:12.5) and in solutions of iodides. 

Action and Uses . — Iodine irritates the .skin, causing a sensation of 
heat and itching. In concentrated solutions it possesses blistering 
and caustic action. It penetrates into the deeper layers of the skin, 
inducing congestion of the underlying layers. 

Iodine is often applied as a caustic germicide to comeal ulcers. It 
may be applied cautiously with a toothpick. In spider bite there is no 
rational indication for local treatment of the site of the bite other than 
the application of tincture of iodine. General discussi(m, Chapter 
XXIII. 

Various Alkalies 

Potassium and sodium hydroxide occur ns hard, white, translucent, 
fused masses, or pencils, with acrid, caustic taste. They are soluble 
in water and in alcohol. 

Action and Uses . — The hydrates of these sub.stancc.s owe their action 
to the OH ion. Hydroxyl ions are also liberated, but more slowly 
and in less degree from the carbonates, and still less from the bicar- 
bonates. The hydroxides neutralize acids, dissolve proteins, saponify 
fats, and dehydrate tissues. Thus they are active caustic.'^, penetrating 
deeply and causing widespread destruction of tis.sue; they are difftcuU 
to control. The carlK>nates act similarly but more slowly and less 
vigorously. 

Potwium and sodium hydroxide arc powerful cau.stics. Applied to 
soft tissues, they produce pain and a slough. Dilute alkalies are used 
also to soften epidermis and hair, and to emulsify and dissolve fats. 
They are used in skin diseases to facilitate the penetration of antiseptic 
remedies into the skin in the treatment of such diseases as scabies, fnvus, 
and ringworm. 

Toxicology usual S 3 rmptoms when strong alkalies have been swal> 
lowed are burning, difficulty In swallowing, sloughing tissues, vomiting 
blood and tissues. lAter symptoms may include collapse, conviilHions, un- 
conseiousness, or coma. Treatment consists of giving vinegar or diluted 
acetic acid to neutralize the alkali, l^ter, administer demulcents such as 
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olive oil to protect the irritated membranes. On account of the deep 
action, stricture of the esophagus is a frequent sequel, and the mortality 
is high. 

Sodium or potassium hydroxide, in 5 per cent strength, is used in 
dermatology to remove cuticle and keratolytic tissue. 

Preparations 

Chromium Trioxide, Chromii IViojridam, U.S.P., B.P. 

Arsenic Trioxidc, Arneni Trioxidum, U.H.P., B.P. Doifugc: 0.002 Gm. 
(Ho grain). 

Nitric Acid, Acidum Nitrieum, N.F., B.P. 

Trichloroacetic Aci<l, Acidum TriMoroaccticum, U. 8 .P. 

Zinc Chloride, Zinci ChlorUlum, N.F. 

Potassium Hydroxide, Potasftii Jlydroxidum, U.B.P., B.P. KOII (not 
less than 809 ^ j. 
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CHAPTER VI 


DRUGS ACTING ON SKIN AND MUCOUS 
MEMBRANES 

II. CARMINATIVES, BITTERS, GASTRIC ANTACIDS, 
DIGESTANTS, EMETICS, EXPECTORANTS, 
ADSORBENTS, AND CATHARTICS 

CARMINATIVES 

Carminatives are drugs used to promote the expulsion of gas from 
the stomach and intestines, and to diminish the griping^* pains 
without in themselves acting as cathartics. The pharmacological 
explanation of their mode of action is unsatisfactory. However, 
practitioners of long experience have considerable faith in their vir* 
tues. This group of drugs includes capsicum, cloves, ginger, and volatile 
oils generally. 

Pharmacological Action. — The action of volatile oils upon the 
isolated stomach or gut is to inhibit activity. Certain pharmacologists 
believe that they act by relaxing the muscular coats of the stomach and 
intestines, others are of the opinion that they increase int»»stinal peristal- 
sis. The injection, however, of these oils into intestinal fistulas in unan- 
esthetized dogs causes an increased peristaltic activity of the gut (Plant 
and Miller, 1926). Muirhead and Gerald (1916) showed that diluted 
solutions of volatile oils 1:50,000 caused increased intestinal tone, while 
concentrations of 1:5,000 caused relaxation. They are usually used 
in low concentration. Cocaine entirely stops their elTectivencss. 

Therapeutic Uses. — Turpentine enemas, prepared by adding 20 cc. 
of turpentine oil to a pint of soapy water, are useful in treating 
dangerous postoperative tympanites. A few drops of oil of pepper- 
mint (5 minims) dropped on a lump of sugar may be used for the 
treatment of flatulence. The administration of a* carminative may 
prove a valuable supplementary treatment in gallstone colic, dyspepsia, 
seasickness, etc. The following carminative prescription is satisfac- 
tory : 

n 

Capsicum Tincture 2.00 cc. (fSsa) 

Peppermint Spirit 8.00 cc. (fSij) 

Ginger Fluidextract 10.00 cc. (fJiiss) 

-^^cohol q, 8. ad 120.00 cc. (fjiv) 

M. Sig.; One teaspoonful well diluted every half hour 
as required. 


Preparations 

Peppermint Oil, Olewn Menthae Piperiiae, U.S,P., B.P. Dotage: 
0.1 ce. minims). 

Fennel Oil, Olevm Foenicuti, U.S.P. Dosage: 0.1 cc. (1% minims). 
Anise Oil, Oleum Aniii, U.8.P., B.P. Dosage: 0.1 cc. (1% minims). 

1S4 
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Ginger, Zinptbcr, U.S.P. Dosage: 0.6 Cm. (10 grains). 

Ginger Fluidcxtract, Fluidextractum Zingiberis, U.S.P. Ginger (100%). 
Absolute alcohol content about 73 per cent. Dosage: 0.6 ec. 
(10 minims). 


BITTERS 

Bitters (often called stomachics) are medicines supposed to in- 
crease the appetite and improve digestion, and thus favor nutrition. 
Those remedies have always played a prominent role in ‘‘folk" 
medicine. They contain bitter principles, glycosides, aromatics, 
tannin^ etc., on which they depend for iheir activity. Certain pure 
alkaloids, such as quinine or strychnine, may be used as bitters. 

Mode of Action. — Their method of action has not been demon- 
strated. The aromatics and condiments may act by mild irritation, 
with a consequent development of hyperemia and motor stimulation, 
of the gastric mucosa. All these substances stimulate the taste buds 
in the mouth and excite the psychic flow of gastric juice. 

Modern scientific investigations have shown that bitters may im- 
prove deficient appetite! and the flow and quality of the gastric juice 
in conditions of poor health (Moorhead, 1U15). They may also exert 
beneficial antiseptic action. 

The commonly used bitters are; Gentian, Tincture of Nux Vomica, 
and Compound Gentian Tincture. 

Tliera]^utic Uses. — Bitters are used to increase appetite, to improve 
digestion in all kinds of "atonic" dyspepsias, and to improve the 
taste of foods and medicines. 

They should be administered about ten to fifteen minutes before 
meals. They are boi^t administercM wiien blended, as in the aromatic 
and compound bitters, such as Compound Cardamom Tincture and Com- 
pound (Jentian Tincture. They are, however, often employed in com- 
bination with more active agents and compounded in pill or capsule 
form. Since the element of taste is an important factor in their use, 
tliey should not l>e lui ministered in the form of pills and tablets. 

As R bitter tonic; 

n 

Xux Vomica Tincture 15.00 cc, (f3iv) 

('ompound Gentian Tincture-q.s. ad 120.00 cc. (fSiv) 

M. 8ig.: Teaspoon ful in water Iwfore meals. 

Rationale. — Bitters are rarely prescrilietl in mo<lern medicine. Bit- 
ter tonics often regarded by the laity as cures for underweight usu- 
ally possess an unpleasant taste and often decrease rather than increase 
the appetite. Their psychic action may be beneficial, however, and 
they should l>e prescriljed if actually indicate<l. 

Preparatio.vs 

Compound Cardamom Tincture, Tmctara Cardamomi Composita, U.S.P. 
Cardamom seed (2%), cinnamon, caraway, and cochineal in di- 
lated aleohol and glycerin. Alcoholic content about 45%. 
Dosage: 4 cc. (1 fluidrachm). 

Gentian, 6^en(tafta, U.S.P., B.P. Dosage: 1 Gm. (15 grains). 
Compound Gentian Tincture, Tinctura Gentianae Composita, U.S.P., 
Gentian (10%). Bitter orange peel and cardamom seed in 
glycerin, alcohol, and distilled water. Alcohol content about 
45%. Dosage: 4 cc. (1 fluidrachm). 
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Nux Vomica Tincture, Tinctura Nucis Vomicae, N,F. Nux Vomica 
(10%) yielding about 0.115% strychnine. Alcohol content about 
70%. Dosage: 1 cc. (15 minims). 

Iron Quinine and Strychnine Elixir, Klixir Terri, Quininac rt Stryeh’ 
ninae, N.F. Ferric citrochloridc tincture (12.5%), quinine hy- 
drochloride (0.8%), strychnine sulfate (0.0175%), compound 
orange spirit, alcohol, glycerin, and water. Alcoholic content 
about 24.5%. 2'he elixir should not he dispensed if markedly 
darkened in color. Dosage: 4 cc. (1 fluidrachm). 

GASTRIC ANTACIDS 

Antacids are employed primarily to reduce or neutralize the acidity 
of gastric secretion, preferably by local action. They are employed 
clinically chiefly in the treatment of hyperchlorhydria and peptic ulcer, 
and by the laity in various advertised mixtures for self-medication of 
any condition which seems to originate in the stonmeh. Indi.scriminate 
use of antacids by the laity should be discouraged. 

The etiology of ulcer is obscure despite the numerous theories which 
have been set forth. Therapy seeking to cointeract or remove the 
theoretical cause of ulcer (infection, spasm, amino acid deficiency, etc.) 
is ineffective. Sippy (1915) showed that regardless of the cause of 
ulcer, constant neutralization of the g:istric contents resulted in ulcer 
healing. 

Many other remedies, besides antacids, have been used in peptit* 
ulcer, but they have no particular advantage.s or are still in the experi 
mental stage. These include gelatin, various vegetable gum.s, histidine 
injections, sodium alkyl sulfate to inhibit pepsin activity; autihistn 
mines, such as benadryl or pyril>enzamine; and hormonal extracts such 
as enterogastrone. Amino acids have also been used for their antacid 
value in protein deficiency. 

Recent investigations by Dragsteilt, and his associates, have advanced 
evidence to support the view that peptic uh'cr may l>e due to the ir 
ritant and digestive action of hydnw'hloric acid, and also pepsin, on a 
susceptible area of the gastric mucosa. They reported striking im- 
provement in patients with chronic ulcers following vagus nerve section. 

Classification. — Gastric antact<ls may be clas.Hi fieri in various ways. 
They may l>e classified on the ba.sis of the manner in which they act — 
by direct neutralization of the hydrochloric acid of the .stomach, or bv 
adsorption of excess hydrogen Urns leading to a higher pH and a rc* 
sultant decrease in peptic activity. Included in the first group are 
sodium bicarbonate, magnesium oxide, tribasic calcium and magn<»sium 
phosphates, and magnesia and calcium carbonates. Tho.se acting by 
their adsorbent action include aluminum hydroxide, aluminum silicate, 
^lloidal magnesium silicate, and aluminum phosphate gel. A division 
into systemic and nonsystemic antacids is useful. 

Systemic Antacids , — Systemic antacids are soluble and readily ab- 
sorbed; they are capable of producing change in the pH of the blood 
symptoms of alkalosis. If sodium bicarbonate is taken orally the 
hydro^lonc acid of the gastric contents is neutralized, with the produc- 
tion of sodium chloride and carbon dioxide. Even if a systemic antacid 
IS not m excess, indirectly it causes a rise in the bicarbonate content 
of the Wood. Although the sodium bicarbonate leaves the stomach as 
sodium chlonde, nevertheless, it is absorbed as bicarbonate, for it has 
pre^enM the neut^lization of the acid gastric juice by the alkaline in- 
mtinM juices, which normally would have been reabsorbed as neutral 
chlonde. 
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Nonsyatemio Antacids . — The nonsystemic antacids neutralize the 
gastric contents, but they are not absorbed and do not tend to cause 
systemic alkalosis. Magnesium oxide, a typical nonsystemic antacid, 
forms magnesium chloride in the stomach. In the intestine magnesium 
chloride reacts with sodium bicarbonate to form magnesium carbonate 
which is relatively insoluble. The sodium chloride formed is reabsorbed. 
The magnesium salt and also the magnesium ion arc slightly absorbed by 
the intestine, therefore are excreted primarily by the bowel. SuflScient 
magnesium salt is in solution to cause a mild catharsis. 

The theoretical ideal antacid should possess the following properties: 

1. It should be tasteless and not astringent to the mucosa of the 
mouth. 

2. It should be efficient — a small amount of agent should neutralize 
a large amount of acid. 

3. It should be neither constipating nor laxative. 

4. It should be insoluble so as not to leave the stomach too quickly. 

5. The antacid should be nearly neutral itself and should neutralize 
acid w'ithout liberation of carbon dioxide. 

(5. It should have a prolonged action and not stimulate a secondary 
acid rise. 

7. It should be poorly absorbed, but, if absorbable, it should be non- 
toxic. 

8. It should be low in co^t, as medication usually must be continued 
for a considerable period of time. 

COMMONLY USED ANTACIDS 

The use of antacids in the treatment of giistric and duodenal ulcers 
has declined to .some extent in recent years. Neverthele.ss these prepara* 
tion.s arc useful in the treatment of the ambulatory patient, but as in the 
case of <lietary therapy, it is far from certain that the eflectiveness of 
the alkalies is ineastired solely by their antacid neutralization capacity. 
Some of the commonly used antacids are given in Table VII. The doses 
are average and can be varied in inverse proportion to frequency of 
administration. Some clinicians recommend much smaller doses than 
stated below. 

Sodium Bicarbonate 

SiKlium bicarbonate is widely u.ned as a gastric antacid despite the 
fact that it has many disadvantages. It represents a tj'pical systemic 
antacid. It is readily soluble and absorbable and acts rapidly to 
relieve symptoms associated with the presence of excess Itydrocliloric 
acid. The duration of its action is short and it leaves the stomach 
ami is renbsorbed in the intestinal tract. Itr sodium ion is absorbed, 
and in the presence of kidney «lisease alkalosis may result. In 
susceptible persons it may cause diarrhea. On interaction tvith 
gastric hydrochloric acid carbon dioxide is released with annoying 
belching and uncomfortable increase in intragastric tension. Its 
use in peptic ulcer is not recommended. 

Sodium bicarbonate has been u»ed in combitmtion with calcium car- 
bonate and magnesium oxide in proportions of or 2 to 1, but this 
procedure oflFers questionable advantnges. Calcium carbonate and 
magnesium carbonate may be usetl in combination so that the con- 
stipating and laxative eiTccts neutralize each other. If bismuth sub* 
carbonate (or subgallate) be added for its demulcent action, a rather 
effective combination is obtained. 



PROPGHTIBS OF ‘ANTACIDB 













DRUGS ACTING ON SKIN AND MUCOUS MEMBRANES 159 


9 

Calcium Carbonate 60.00 Qm. (Sij) 

Magnesium Carbonate 60.00 Qm. (Sij) 

Bismuth Bubcarbonate 120.00 Qm. (Siv) 

M. Sig.; One teaspoonful two to four times 
daily one hour p.c. as directed. 

Magnesium Salts 

The oxide (0.25 Gm.), carbonate (0.25 Qm.) and the hydroxide (4 to 
10 cc. magnesia mag^a) are commonly used antacids. They all have 
considerable combining power for acid, but arc weak alkalies." They are 
valuable in treating peptic ulcer and hyperacidity. 

Magnesium oxide is a mild saline laxative and when used for antacid 
effects, the patient may complain of diarrhea. It is the most powerful 
antacid of the group. It causes the highest secondary acid rise. As an 
antacid in peptic ulcer, hyperacidity, etc., the following prescription is 
recommended ; 

9 

Atropine Hulfate 0.01 Qm. (gr.i/^) 

Bismuth Bubnitrate 
Magnesium Oxide 
Calcium (’arbonatc 

Sodium Bicarbonate aa 30.00 Qm. (Jj) 

M. Make into 30 papers. 

Sig.; One powder in water two hours after meals. 

Magnesium cakbonate is also laxative in action and causes a second* 
ary acid rise. As in the case of sodium bicarbonate the evolution of 
CO, is a decided disadvantage. 

* Calcium Salts 

Calcium Carbonate is a good antacid and were it not for its con- 
stipating action and for its release of CO, in the stomach, it would ap- 
proach the ideal in antacid therapy. Calcium carbonate (chalk) is usu- 
ally administered in I gram doses of the precipitated calcium carbonate 
or the prepared chalk. Excessive doses are harmless and furnish pro- 
tective action to irritated mucosa. Calcium carbonate is insoluble in 
water and mav be given in larger doses than sodium bicarbonate. It 
does not readily cause alkalosis. 

Limewater is used in the artificial feeding of infants. Externally, 
lime liniment is an old remedy for bums. Calcium carbonate and pre- 


pared chalk are sometimes used externally. 

In treatment of hyperacidity: 

9 

Magnesium Oxide 16.00 Qm, (Siv) 

Prfxupitated ('alcium Carbonate — 16.00 Qm. (3lv) 

Peppermint Oil 0.30 cc. (Hlv) 


M. Big.: Ixivel teaspoon ful in a glass of milk two 
hours after meals. 

BSagnsslum TrislUcate 

To Dr. N, Mutch, Guy’s Hospital, and Lecturer and Examiner in 
Pharmacology, London University, goes the credit for the discovery of 
the unique therapeutic properties of magnesium trisilicate. 
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Hydrated magnesium trisilicate has the empirical formula, 2MgO.- 
3Si0,.iiH,0. It is a tasteless white powder, insoluble in water. Mutch 
states that magnesium silicates were mentioned by JDioscorides in his 
Materia Medica and that usually as soapstone these were prized by the 
* ‘ geophagists either as table delicacies or as famine food. ' ' 

Phannacological Action.— Mutch (1937) states that in hyperacid 
conditions the use of medicinal trisilicate results in the continuous con* 
trol of gastric acidity. Two factors make this possible. First, the 
slowness of action of the drug. At body temperature a substantial sec* 
ondary neutralization continues for more than nn hour after the (}uick 
initial neutralization has occurred. Second, the nontoxicity of this com- 
pound permits administration of adequate doses to compensate for the 
con^nuous loss through the pylorus. This compound acts as an ad- 
sorbent as well as an antacid and, although it neutralizes free acid, an 
excess of it will not render the stomach contents alkaline to such an 
extent as to destroy peptic activity. Mutch estimates that the daily 
dosage would be 2.5 grams or a 0.5 gram dose five times daily. 

interest to the clinician is the fact that magnesium tri- 
silicate 13 an effective adsorbent. Tests show that it is effective in 

bacterial toxins, putrefactive 
poisons; for example, the adsorptive capacity of mag- 
‘"*‘i“ate for bacterial toxins is such that one gram of the 
silmate removes at least 140 M.L.D. (mouse units) of tetanus toxin; 

(^®36) after completing extensive investigntions on the them- 

menr nrp. of ulcers. The special feature.*? of its employ- 

substance* nam^v^ combination of three therapeutic action.s in a .sfngle 

value and it bids^fhirto su^plant*all'o*th*”'*lt'i '^’**® *'”* 

peptic ulcer." supplant all other alkalies in the treatment of 

relief of*^nric^h^eraci^v*and *"."**®'*‘® ** recommended for the 

an^oids, as well as in so-called ‘“f^estTna 

the Ire^ency **™"rc^tirion dewnd *<m**tL'"r*“' 

relief afford^. ‘*'® ‘*®P-ee of acidity and the 

Mbasic Oalclmn Pbospbate 

biearbonate, in that, being ^as 8olublB"fr'T"‘i' and sodium 

ot loT. 
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Bismu^ Compounds 

The subgfillate, and the subcarbonate, in doses of 0.15 to 2 grams, 
and the magma of biHimith, 4 cc., are used to lessen hypersecretion, 
as demulcents in peptic ulcer, and to check nausea and vomiting. The 
action may be a protective and demulcent type and not an antacid type 
of reaction.^ Some say its action is due to its astringent properties. 
Combined with sodium bicarbonate it has gained favor among the laity 
as bismuth and soda. 

Bismuth compounds may be administered in large amounts, but 
when applied to raw surfaces, bismuth poisoning may occur. The most 
striking symptom is the black discoloration of the gums, similar to the 
lead line of lead poisoning. Other symptoms, such as swelling of the 
tongue, dysphagia, salivation, and gastrointestinal upset, are common. 

Aluminum Hydroxide Gel 

This preparation is an aqueous suspension containing between 3 and 
4.2 per cent of aluminum oxide, primarily in the form of aluminum 
hydroxide. 

Pharmacological Action. — Aluminum hydr(>xide gel is an effective 
gastric antacid which neutralizes the hydrochloric acid of the stomach 
by chemical neutralization. It is not absorbetl from the gastrointestinal 
tract to any appreciable extent and is therefore nontoxic when admin- 
istered orally. Its a.stringent action may produce a constipating effect. 
It has the advantages that it does not increase the pH of the gastric 
juice so as to interfere with peptic digestion, does not stimulate com- 
pensatory increase in free gastric acidity, and does not produce systemic 
alkalization. Its mild astringent and demulcent properties may be of 
some value in the local action on peptic ulcer. iSoiiie evidence is avail* 
able that some of its effectiveness may be due to its tendency to in- 
crease mucin secretion. 

The amplioteric action of aluminum hydroxide is of no significance 
clinically because it reacts a,s an acid only at a pH above 9, a reaction 
not encountered in the gastrointestinal tract. It is thought that the 
acid salt aluminum cliloride formetl in the stomach is reconverted to the 
original compound or other aluminum compounds by reaction with the 
alkaline contents of the intestines, and the chloride is reabsorbed. 

Aluminum hydroxide gel may possess adsorptive properties but no 
conclusive evidence is available to show that it adsorbs acids, toxins, 
bacteria or gases. There is some evi<lence available, however, to sug- 
gest that the administration of aluminum compounds may interfere 
with the nb.«iorption of certain minenils and can produce a phosphorus 
deficiency in the presence of pancreatic deficiency. This objection does 
not contraindicate its use in [H'ptic ulcer and gastric hyperacidity, since 
the diet in these conditions is usually rich in phosphorus. Aluminum 
pho.sphate has been suggested especially in patients with diarrhea. 

Therapeutic Use8.~>Aluminum hydroxide gel is indicated for the 
treatment of peptic ulcer to promote healing, relieve pain, and control 
hemorrhage. It is also useful for the control of gasttio hyperacidity. 
It may be of some value in the treatment of other gastrointestinal con- 
ditions. 

Administration. — Oral: Aluminum hydroxide gel is given orally in 
doses of from 4 to 8 cc. in one-half glass of water or milk every two 
to four hours, or one-half to one hour after meals. By Drip Apparatus: 
It may be administered by the method of continuous drip by stomach 
tube. Dilute 1 part to 3 parts of water and administer 1,500 cc. of 
diluted suspension at the rate of 15 to 20 drops per minute. 
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Trlbasic Magnesium Phosphate 

Tribasic magnesium phosphate^ Mg,(PO^), is a useful gastric antacid. 
It has the advantage over magnesium hydroxide and sodium bicarbonate 
in that, being soluble, it neutralizes the excess of acid in the stomach, 
but does not produce systemic alkalization. It possesses some laxative 
action. Dosage: Administer 1 to 5 Qm. (15 to 75 grains) orally. 

Gastric Mucin 

Mucin is a preparation obtained by precipitating with 60 per cent 
alcohol the supernatant liquid from pepsin-hydrochloric acid digestion 
of hog stomach linings. Mucin cannot produce alkalosis, and apparently 
has a minimum effect on gastrointestinal functions. Its demulcent 
action and its adsorbent mode of action distinguish it from the antacids. 
One gram of dried mucin combines with approximately 15 cc. of N/10 
HCl. Clinical reports indicate that it is useful in ulcer therapy. The 
average dose is 2.5 Gm. given at two-hour intervals. 

Choice op Antacid 

In view of the many contradictory statements in the literature and 
the variable responses exhibited by different patients, it is difficult to 
name the best antacid. If complete neutralization is desired frequent 
(i.e., hourly) alkali therapy with a strong neutralizer like magnesium 
oxide is indicated. If antacids are to bo given only three to six times 
a day, the slower but longer-acting aluminum hydroxide gel and mag- 
nesium trisilicate may be used. In most ambulatory cases, the more 
infrequent dosage is effective and can be given one hour after food in 
place of the first interval feeding. The following plan might be used 
for the average ambulatory patient. 

Schedule: 

8:00 AM. Breakfast (milk, cream, eggs, cooked cereal) 


9:00 AM. Aluminum Hydroxide 8 cc. 

10:30 AH. Milk 120 cc. 

12-1:00 P.M. Noon Meal (mashed potatoes, purded veM 
tables, custards, rice pudding, well- 
cooked and ground meat) 

2:00 P.M. Aluminum Hydroxide 8 ec. 

3:30 P.M. Milk and cream 

5:30-6:30 P.M. Evening Meal (Bland foods) 

7:30 P.M. Aluminum Hydroxide 8 ee. 

9:00 P.M. Milk and cream 

11:00 P.M. Milk and cream 

Before retiring Aluminum Hydroxide 8 ee* 


At night Every |)atient should have an antacid prepa* 

ration to alleviate any nocturnal symp- 
toms. 

Some clinicians believe that alkalies should be given only when di- 
etetie regimen and ample rest are ineffective in relieving symptoms. 
Then the alkalies should be given in small doses: for example, 0.65 
Gm. magnesiam trisilicate alone; or a combination of 0.32 Gm. eal- 
einm carbonate, 0.32 Gm. calcium phosphate, 0.32 Gm. magnesium 
trisilicate and 0.32 Gm. magnesium oxide, in half a glass of water, 
sipped slowly, fifteen to twenty minutes after each feeding. 
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Preparations 

Sodium Bicarbonate^ Sodii liicarhonas, U.S.P., B.P. (Baking Soda). 

NallCO, Dosage: 2 Qm. (30 grains). 

Magnesium Oxide, Magnesii Oxidum, IJ.S.P. Dosage: antacid, 0.25 
Gm. (4 grains) ; laxative, 4 Qm. (60 grains). 

Magnesia Magma, Magma Magnesiae, U.8.P. (Milk of Magnesia). A 
suspension of magnesium hydroxide (about 7.5%) in water, form* 
ing a thick white liquid. Dosage: antacid 4 cc. (1 flui drachm) ; 
laxative, 15 cc. (4 duidrachms). Mistura Magnesii Hydroxidi, 
B.P. 416 ml. (60-240 min.). 

Precipitated Calcium Carbonate, Calcii Carhonas Praecipitatus, U.S.P. 
Dosage: 1 Gm. (15 grains). Calcii Carhonas, B.P. Dosage: 
1-4 Gm. 

Magnesium Carbonate, Magnesii Carhonas, U.S.P. Hydrated magnesium 
carbonate, equivalent to about 41 per cent MgO. Dosage: 
antacid, 0.6 Gm. (10 grains); laxative, 8 Gm. (2 drachms). 
Magnesium Trisilicato, Magnesii Trisilicas, U.S.P. Dosage: 1 Gm. 
(15 grains). 

Magnesium Trisilicate Tablets, Tahellae Magnesii Trisilicatis, U.S.P. 

The usual sizes contain 0.3 Gm. and 0.5 Gm. 

Tribasic Calcium Phosphate, Calcii Phosphas Trihasicus, N.F. Dosage: 
1 Gm. (15 grains). 

Bismuth Subcarbonate, Dismuthi Suhearhonas, U.S.P. Dosage: 1 Qm. 

(15 grains). Bismuthi Carhonas, B.P. 0.6-2 Gm. (10 30 grains). 
Bismuth Subgallate, lUsmuthi Snhgallas, N.F. Dosage: 1 Gm. (15 
grains). 

Aluminum Hydroxide Gel, Gelatum Alumini Hydroxidi, U.S.P. Contains 
about 4% AljOj. Dosage: 8 cc. (2 fiuidrachms). 

Tribasic Magne.«ium Phosphate, Magntsii Phosphas Trihasicus, N.F. 

Dosage: 1 Gm. (15 grains). 

Gastric Mucin, N.N.R. Dosagt : 2.5 Gm. (37.5 grains). 


DIGEHTANTS 

Digestants, such as hydrochloric acid, pepsin, bile, and pancreatin, 
are u.sed to promote the ])rocess of digestion in the gastrointestinal 
tract. The digestion of food in the alimentary canal is accomplished 
mainly by the action of digestive ferments or enzymes. They are of 
great importance in the body, but have a limited usefulness in therapy. 

Hydrocliloric Acid 

Hypochlorhydria, a deficiency in the secretion of hydrochloric acid, 
occurs in from 10 to 15 per cent of the general population. Achlorhy- 
dria or absence of free hydrochloric acid in gastric juice is observed in 
such conditions as gastric carcinoma, gastritis, pernicious anemia, and 
numerous other conditions. Achlorhydria is also encountered in appar- 
ently normal individuals. 

Hydrochloric acid (HCl) is an aqueous solution containing not less 
than 35 per cent nor more than 37 i^r cent of hydrochloric acid. It is 
incompatible with alkaline carbonates, chlorates, silver salts, lead salts, 
etc. 

Pliannacological Action. — ^Hydrochloric acid converts pepsinogen to 
active pepsin and supplies the proper acid medium essential for this 
ensyme activity. Acid apparently plays an important role in the 
control of the normal emptying time of die stomach. Hydrochloric acid 
increases the pyloric peristalsis; it closes the cardiac and opens the 
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pyloric sphincter until the intestinal juices neutralize the acid 
(Cannon^ 1911). Hydrochloric acid favors protein digestion, and also 
serves as an activator of pancreatic secretions and bile. Due to its 
antiseptic action, hydrochloric acid checks fermentation and putrefac- 
tion in the stomach and intestine, thus preventing organisms which 
enter through the mouth from contaminating the alimentary tract, 
especially the gall bladder, the appendix, and the colon. 

Therapeutic Uses. — Hydrochloric acid is indi(;uted in the treatment 
of gastric achlorhydria. In the past, 2 to 4 cc. of dilute hydrochloric 
acid has been commonly prescribed before meals. This amount is prob- 
ably insufficient and at least 15 to 20 cc. of dilute hydrochloric acid 
should be administered if any real substitution therapy is to be attained. 
The acid may be prescribed in solid form as glutamic acid hydrochloride. 

When hydrochloric acid solutions are given, the teeth shoubl be 
protected by the use of a glass rod. The solutions should be very 
dilute. If large amounts of hydrochloric acid are prescribed, the 
administration of fruit juices or sodium citrate is advi.sable in onler 
to prevent acidosis. 

Pepsin 

Pepsin, a substance containing a proteolytic enzyme, is obtained 
from the glandular layer of the fresh stomach of the hog. It is as- 
sayed to be of such activity that it digests about 5,500 times its weight 
of egg albumen. It occurs in pale tran.sparent scales or as a powder; 
it is soluble in water and insoluble in alcohol. It is inactive in the 
presence of 0.5 per cent hydrochloric acid, and is inert in the presence 
of alkalies. 

Aeticm and Uses . — Pepsin is used only in acid medium, and is in- 
dicated in the treatment of stomach disea.oes when the gastric juice is 
ileficient. The gastric juice usually, however, contains sutiicient pepsin 
for gastric digestion. Since food leaves the stonuK'h rapidly and enf(‘rs 
the alkaline intestine, pepsin will soon Ix'come inactive. Hastedo ex 
pres.ses his opinion of pepsin as follow.n: “What a wonderful substaner 
to have .so little use in medicine.'* Following a stinly of the use of di 
gestive enzymes in therapeutics the members of the Gastro-Enterological 
Araoeiation concluded in a questionnaire that gastric enzymes are of 
minor importance in therapeutics. 

Bile, Bile Salts, and Bile Acids 

Human and ox biles are composed chiefly of the bile salts (sodium 
glycocholate, sodium taurocholate), bile pigments, cholesterol, and 
lecithin. The bile salts probably account for the major pharmacological 
properties of bile. Sodium glycocholate and sodium taurocholate are 
found to the extent of about 3 per cent in fresh ox bile. 

Action and Uses . — Bile is essential for normal digestion of fats and 
the absorption of fatty acids. It aids digestion by emulsifying fats 
and by activating pancreatic lipase. Bile is generally credited with a 
slight antiseptic and laxative action. The bile salts are essential for the 
optimal absorption of fat-soluble substances, such as carotene, vitamin 
A, vitamin D, and vitamin K. They also stimulate the secretory ac- 
Uiuty of the liver, increasing both the fluid and solids of the bile. 

Orally, bile salts aid digestion and absorption, and after the bile 
^ts are absorbed they act as choleretics and facilitate biliary drainage. 
Their rationale is doubtful in obstructive jaundice. The value of bile 
salts in conjunction with the oral administration of vitamin K is dis- 
cussed under Vitamin K. Ivy and Berman (1939) recommend a copious 
flow of bile of low viscosity in the treatment of disease of the biliary 
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tr<Mt unassoeiated with acute hepatitis. Bile salts have also been recom- 
mended for their choleretic action in the treatment of functional hepatic 
ineuffloienoy, hepatic jaundice, and in cirrhosis and chronic passive con- 
gestion of the liver. Bile salts have also been used to outline bile ducts 
at operation; in cholecystography, to accelerate the appearance of the 
gall bladder shadow and hasten the removal of residual tetraiodophenol* 
phthalein from the biliary apparatus. The dose is 0.5 to 2.0 grams. 


DehydrochoUc Acid 

Dehydrocholio acid is an oxidation product of cholic acid derived 
from natural bile acids. The formula is 




CH, 


CH. 

’(K)H 




Dehydrocholic acid is useful for its ability to increa.ce the volume of the 
bile (hydrocholeretic action) ; however, it has no cholagogue action. 
Its effect on the secretion of bile constituents (choleretic action) is 
uncertain. 

Dehydrocholic acid may be of value due to its hydrocholcretic action, 
to encourage drainage of the bile ducts and thus discourage infection 
of these structures. This compound may also be employed to encourage 
maintenance of T-tube surgical drainage of an infect^ common duct 
and ns an aid in the removal of small stones. It may also be of value 
in outlining the bile ducts at operation and of hastening the appearance 
of the gall bladder shadow and hastening the removal of residual dye 
from the biliary tract in cholecystography. 

There is some evidence that dehydrocholic acid is useful in the treat- 
ment of arsenical and other forms of toxic hepatitis and of hepatic 
dysfunction, and as a diuretic, alone or in combination with the mer- 
curials, in the treatment of ascites due to hepatic congestion in heart 
disease and liver damage. The drug is contraindicated in complete 
mechanical biliary obstruction. Furthermore, its use in severe hepatitis 
may also be questioned on the ground that the hydrocholeretic effect 
may aggravate the condition. Dosage: Administer from 0.25 to 0.5 
Gm. (3% to 7 Vs grains) two to three times daily after meals for a 
period of four to six weeks. 

Sodium Dbuvdrocholate. — The action and uses of the sodium salt 
of dehydrocholic acid are the same as tho.se given for dehydrocholic 
acid. It is also used for determination of the circulation time. It is 
contraindicated for such use in the presence of bronchial asthma. 
Dosage: Administer drug bv vein, one injection bein^ given on each 
of three successive days. The usual initial dose consists of 5 to 10 
cc. of the 20 per cent solution; the second and third, of 10 cc. Circu- 
lation Time: For determination of arm to tongue circulation time, in- 
ject rapidly (2 to 3 seconds) 3 to 5 cc. through an 18 gauge nc^le 
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into a cubital vein. Place subject in a supine position during injec- 
tion. Take time from beginning of injection to the perception of a 
bitter taste. The average normal range is from nine to sixteen seconds. 

Pancreatin 

Pancreatin is an enzyme preparation made from the pancreas of the 
hog or ox and contains principally amylopsin, trypsin, and steapsin. 
It is a cream-colored powder standardized to convert not less than 25 
times its own weight of starch into soluble carbohydrates, and 25 times 
its weight of casein into proteoses. It is rendered inactive by acids. 

Aoiicn and Uses, — It is used chiefly for the predigestion of protein 
and starchy foods. It is rarely prescribed as such, but is often em- 
ployed in the form of various proprietary prescriptions. When pre- 
scribed it should be administered in enteric pills. It is occasionally 
used to assist gastric digestion in achlorhydria, but the administra- 
tion of dilute hydrochloric acid seems preferable. In proved pan- 
creatic deficiency pancreatin is indicated. 

Pancreatic steatorrhea, a chronic fatty diarrhea, may bo caused by 
deficient pancreatic secretion. Fat and protein are poorly tolerated and 
should be reduced in the diet. Amino acids are indicated and also 
large doses of fresh pancreatin (up to 24 Gm. daily). This dosage 
may be reduce<l a-fter improvement. Lipocaic and bile salts are of no 
value. 

Pancreatin is used chiefly for peptonizing milk for invalids. For this 
purpose 0.4 gram of pancreatin and 2 grams of sodium bicarbonate 
are mixed with 120 cc. of water, and 500 cc. of whole milk are added. 
This is kept at a temperature of 104* to 110* F.; for use by mouth, 
terminate action in twenty minutes by boiling. 

Preparations 

Diluted Hydrochloric Acid, Aeidum JlydroMoricum IHIutum, U.S.P., 
B.P. HCl about 10 %. Dosage: 4 cc. (1 fluidrachm). 

Pepsin, Pep^inum, N.F. Dosage: 0.5 Gin. (8 grains). 

Ox Bile Extract, Extractum Fellis Jfovis, U.S.P. Gontains an amount 
of the sodium salts of ox bile acids equivalent to not less than 
45 per cent of cholic acid. Dosage: 0.3 Grn. (5 grains). 
Extractum Fellis Bovini, B.P., 0.3-1 Gm. (5-15 grains). 
Dehydrocholic Acid, N.N.R. An oxidation pro<iuct of cholic acid de- 
rived from natural bile acids. Dosage: from 0.25 to 0.5 Qm. 
(3% to 7% grains) two to three times daily after meals for a 
period of four to six weeks. 

Sodium Dehydrocholate, N.N.R. The sodium salts of dehydrocholic acid. 
Dosage: Administer intravenously one injection on each of three 
successive days. First dose 5 to 10 cc. of 20 per cent solution; 
the second and third, 10 cc. 

Pancreatin, Pancreatinum, U.S.P. Dosage: 0.5 Gm. (7% grains). 

• 

LOCALLY ACTING EMETICS \ 

Emetics are drugs or medicines that cause vomiting. A century 
ago^ local emetics were very extensively employed in medicine, but 
their use has steadily declined. Emesis may be caused by locally 
acting drugs such as copper sulfate, mustard, etc. Apomorphine 
is an excellent centrally acting emetic. 
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Mode of Action. — Local emetic action is produced reflezly by ir- 
ritation of the gastric mucosa. Not every form of gastric irritation re- 
sults in vomiting; the kind, rather than intensity, of irritation is im- 
portant. Ipecac produces vomiting by both central and local action. 

Therai^utic Uses. — Emetics are employed for evacuation of the 
stomach in acute poisoning and in acute indigestion. They are indicated 
when gastric lavage is not practical. They are contraindicated in 
caustic poisoning and in conditions such as hernia, heart defects, preg- 
nancy, and general debility. 

The commonly used emetic drugs and their dosages are: 


Mustard 

Ipecac 

Copper Sulfate 
Zinc Sulfate 


4-8 Gm. (3i-ij) in water. 

4 Gm. (3j) or 15 cc. (4f3) of the 
syrup, in water. 

0.3 Gm. (gr.v) in water. 

1 Gm. (gr.xv) in water. 


Mustard is the safest but also the least elective locally acting emetic. 
A teaspoonful of powdered mustard in a cup of warm water, repeated 
every fifteen minutes, is the usual method of administration. 

Ipecac is uncertain in action and is quite depressing. The emetic 
action of ipecac is due to the presence of two irritant alkaloids, emetine 
and cephaeline. Ipecac and emetine j>roduce prolonged nausea 
and sweating. Due to its delayed action it is unsuitable for treatment 
of poisoning; however, subemetie doses are used extensively as ex* 
pectorants and sudorifics. 

Both copper and zinc sulfate cause vomiting by provoking the vomit- 
ing reflex. They are absorbed rapidly and cause little depression. 
Vomiting occurs in a very few minutes. They are especially useful 
to empty the .stomach of noncorro.sive poisons. The emetic dose of 
copper sulfate is 0.25 Gm. in 1 per cent solution, that of zinc sulfate is 
1 to 2 Gm. They may be repeated in 15 minutes if necessary. 

Salt water (2 tablespoon fuhs to 8 ounces of warm water), or even 
warm water, may l>e useful in causing emesis when the patient is al- 
ready disposed to vomiting. Mechanical tickling of the fauces, by in- 
serting the finger or some instrument in the pharynx, may be effective. 
Avoid emetics in cases of narcotic or convulsive poisonings. Use 
stomach tube unless convulsions are present or imminent, or unless a 
corrosive has been swallowed. 


Preparations 

rpe<‘ac, Ipecacuanha, U.S.P., B.P. Rhizome and root, yielding not less 
than 2 per cent of ether-soluble alkaloids. Dosage: emetic, 0.5 
Gm. (7V^ grains). 

Ipecac Fluidextract, Fluidcxtractum Ipecacuanhae, U.S.P. Ipecac 
(100%), yielding about 2 per cent of ether-soluble alkaloids. 
Absolute alcohol content about 30 per cent. Dosage: Emetic, 
0.5 cc. (8 minims). 

Ipecac Syrup, Syrupus Ipecacuanhae, U.S.P, Fluidextract of ipecac 

, (7%) in glycerin and syrup. Dosage: emetic, 8 cc. (2 flui 

drachms) . 

EXPECTORANTS 

An expectorant is n drug which aids in the removal of exudate or 
mucus from the trachea, bronchi, and lungs. Some extend the term 
to include all remedies that quiet coughing. 

A complete classification of expectorants is hardly indicated at this 
time. A large variety of them are not generally needed by the aver- 
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age physician. Useful expectorants include the following: Ipecac 
Fluidextract, Ipecac Syrup, the Iodides, Ammonium Chloride, Terpin 
Hydrate, Codeine, and a few official expectorant mixtures. 

Ipecac Fluidextract, Ipecac Syrup, and the Iodides are the most 
useful in conditions in which the bronchi are blocked by mucus 
(e.g., asthma). Ipecac causes nausea and vomiting and induces a 
peristaltic action in the trachea (Rutner, 1947), which releases the 
obstructing plugs. For infants and small children, administer to 
1 teaspoonful (2 to 4 cc.) of Ipecac Syrup. Larger do.se8 may bo 
necessary. In older children, and adults, repeated doses may be 
given if needed. 

For children, Glycyrrhiza Syrup is an excellent vehicle for Ipecac 
Syrup. Raspberry Syrup, Tolu Halsam Syrup, and Cacao Syruj) are 
also useful. 

Ammonium Chloride and the lodhlcs are useful against thick secre- 
tions. The Iodides, being partially elimiiiatt*<i in the bronchi, ap 
parently liquefy the secretions as the result of a slight irritation of 
the mucous membranes. 

The following prescription is from the Mayo Clinic: 

R 

Potassium Iodide 15.00 cc. (5ss) 

Lobelia Fluidextract 1.20 cc. (inxx^ 

Hyoscyamus Flqidextract 1.20 cc. (mxx) 

Glycerin 20.00 cc. (3v) 

Simple Elixir q.s. a<l 240.00 cc. (5viij ) 

AI. Sig.: One tcaspoonfiil in water three times daily 
after meals. 

Ammonium Chloride is an efficient expectorant in conibating cougli. 
The following prescription is u.seful: 

R 

Ammonium Chloride cc. (f5iv; 

Citric Acid Syrup .3o.i)0 cc. (f5.i) 

Water »|.s. ad 120.00 cc. (fjiv) 

M, Sig.: Give one tea.spounful every two hours. 

Certain antiseptic expectorants have been u.sed, but it i.s highly im- 
probable that they are eliminated in the bronchial secretions in suf- 
ficient quantity to give antiseptic action. Such drugs include 
creosote, guaiacol, terpin hydrate, and others. 

The anodyne expectorants include morphine, dilaud id, and codeine. 
Codeine is the most commonly used of this group. Its action will ho 
discussed under Morphine. 


Preparations 

Ipecac Preparations — see under Emetics. 

Ammonium Chloride, Ammonii Chloridum, U.S.P.—NII^Cl. Dosage: 
0.3 Qm. (5 grains) in solution as expectorant; from 3 to 6 Gm. 
daily as diuretic, being careful to avoid acidosis. 

Potassium Iodide, Potnssii lodidum, XT.,M.p.- Kf. Dosage: 0.3 Gm. 

(5 grains) ; antisyphilitic, 2 Om. (30 grains). 

Terpin Hydrate, Terpini Hydras, N.F. Dosage: 0.25 Gm. (4 grains). 
Compound Opium and Glycyrrhiza Mixture, Mistnra Opii et Olycyr- 
rhieae Composita, N.F. (Brown Mixture). Dosage: 4 cc. (1 
floidrachm). 
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Compound Hquill Syrup, Syrupus Scillae Compositus, N.F. (Jlive Syrup). 
Dosage: 2 cc. (30 niiiiinis). 

Expectorant Mixture, Mistura Pectoralis, N.P. (Stokers Expectorant). 
Dosage: 4 cc. (1 fliiidruchm). 


ADSORBENTS 

The therapeutic use of adsorbents in the alimentary canal in- 
volves a complicated interaction of compounds, the results of which 
often cannot be controlled, and the reactions taking place are little 
understood. An adsorbent is a substance which has the power of 
condensing and holding a gas or other substance upon its surface. 
The usual aim in ndniinistering adsorbents is the removal of bacteria 
and bacterial toxins or toxic products of protein digestion. 

Mode of Action. — The usefulness of adsorbents in the digestive 
tract, with their varying reactions throughout their course, is limited 
becau.se adsorbents may act a.s acids or alkalies, or as amphoteric 
substances. »Since the reaction of the digestive tract varies, one 
cannot predict the results which may follow their use. It must be re- 
membered that large doses of these highly adsorbent materials may also 
remove such substances as vitamins, enzymes, and minerals. In addition, 
adsorbents may produce a partial obstruction of the intestine; records 
show that kaolin may cause intestinal perforations. 

Although many substances exhibit aiisorptive action, only charcoal, 
kaolin, and bentonite liave been utilized for this purpose to any extent 
in medicine. 

Charcoal 

Charcoal is a black, odorless, tastelesit, and insoluble powder, 
produced from the destructive distillation of various organic ma- 
terials. Ltiter, it may be treated to increase its adsorptive power. 

Jetton and Vses . — Charcoal is an excellent adsorbent, having the 
power to adsorb various kinds of organic acids and drugs. This sub- 
stance is credited with the tibility of removing mercury salts and 
strychnine from the walls of the stomach, of removing all the products 
of intc.stinal putrefaction from urine shaken with it, and of preventing 
the poisonous action of alkaloids on excised rabbit’s intestine. Char- 
coals that are wetted by water easily are thought to be more efficient in 
adsorbing ga.ses than those resi.stant to wetting. 

Charcoals are employed in the treatment of certain forms of 
dyspepsuif and in testing intestinal activity. Charcoal, up to 80 
grams or more daily, may bo added to kaolin or be given separately 
Animal charcoal is* preferred to vegetable charcoal, as its particles 
aro smaller and less irritating. The exact medical status of this com- 
pound is still unknown. It is employed internally, alone or with other 
drugs. It may well be administered in gelatin capsules in three- to five- 
grain amounts per capsule. 

Kaolin 

Kaolin (aluminum silicate, china clay, or bolus alba) is a clay that 
has been used for centuries in China for summer diarrheas and 
cholera. It is a very fine insoluble powder. 

Action and Uses , — Kaolin adsorbs the toxins of some organisms and 
thus lessens their absorption into the body. The powder also forms 
a thin coating over the intestinal mucosa and thus protects it from 
inflammation, and also lessens absorption from the gut. Kaolin is a 
negatively charged colloid and therefore adsorbs positively charged 
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substances. It possesses no direct disinfectant action on the gut. The 
beneficial action of kaolin may depend on several factors. Some sug- 
gest that the antidiarrheic action of kaolin is due to the removal of 
colloids from the intestinal fluid, thus decreasing its osmotic pressure 
and consequently allowing rapid absorption of this fluid by the bowel. 

Rogers recommends the following treatment for cholera: The fre- 
quent administration of potassium permanganate (0.1 Gm. doses) by 
mouth to destroy the bacterial toxins; kaolin in large amounts orally 
to reduce the absorption of toxins; then intravenous injection of hyper- 
tonic saline to combat dehydration and loss of chlorides. 

In food poisoning (Salmonella) after the stomach is emptied many 
clinicians recommend kaolin (8 Gm.) stirred in a glass of water and 
sipped as frequently as possible. This treatment is preferable to the 
usual method of a<lministering castor oil. 

In addition to the use of charcoal and kaolin, there are other 
adsorbents which are of definite value for use in tlie digestive tract. 
Hess found Fuller *8 earth especially valuable in treating intestinal dis- 
orders in infants. Aluminum hydroxide is a particularly good adsorbent 
and has the advantage of being an amphoteric substance. 

Bentonite 

Bentonite is a variety of clay, hydrous aluminum silicate, occur- 
ring as a fine, colorless powder. It swells to about eight times its 
volume when added to water. Bentonite, as well as the other ad- 
sorbents, is of value in the treatment of mercuric chloride and al- 
kaloid poisoning. Large quantities are indicated. Intestinal ob- 
struction must be kept in mind. 

The Clinical Use of Adsorbents. — Substances such ns kaolin are 
worthy of trial in patients sutfering from food poisoning or from 
dysentery. In these cases food is stopped and large doses of kaolin 
(50 to 100 Gm.) are administered in water every three hours until the 
number of movements begin to decrease. Kaolin' in liberal amounts has 
been recommended for the treatment of diarrhea. In the case of idio- 
pathic ulcerative colitis the kaolin must travel the length of the small 
intestine before reaching the seat of the trouble, and during this passage 
its beneficial properties are no doubt lost. Inert substances are contrain- 
dicated in the presence of diverticulitis because of the danger of perfora- 
tion and obstruction. Finally, in the treatment of dyspepsia and condi- 
tions of autointoxication, the etiology of which we know little, the use of 
adsorbents is not warranted. Further clinical and laboratory investiga- 
tion is needed before we can administer adsorbents intelligently. 

Preparations 

Activated Charcoal, Garbo Activatus, U.8.P. Dosage; 1 Qm. (15 
grains). 

Kaolin, Kaolinnni, N.F., B.P. 

Bentonite, Bentonitum, U.B.P. 

CATHABTICS OR PURGATIVES 

GENBRAL DISCUSSION OF CONSTIPATION 

Constipation may bo defined as a functional impairment tn the in- 
herent oapacity of the colon to produce normally-formed stools at regu- 
lar intervals. This disorder affects about one-half of the patients 
complaining of digestive disorders. Nearly every one suffers occa- 
sionally from brief periods of constipation, while some persons are al- 
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ways constipated. It is difficult, however, to exaggerate the prevalent 
abuse of cathartics. The radio and press inform the layman of the 
disasters of intestinal toxemia, yet there is no evidence to show that 
harmful substances are absorbed from the colon in constipation. 

Many of the discomforts caused by constipation may be due, not to 
intestinal autointoxication, but to mechanical disturbance of the sympa* 
thetic syatem. This view is thought to be substantiated in part by the 
fact that relief from constipation follows immediately after the bowels 
have moved and that the symptoms of toxemia rarely could disappear 
in so short a time. Also chronic constipation may exist without syrnp* 
toms and similar symptoms may be produced by distention of the lower 
bowel. 

Etiology. — ^The causes of constipation are complex. The following 
are the most common causes of the condition: 

1. Diet irregularities, such as irregular meals, insufficient water 
drinking, food restrictions, and special restriction in the intake of 
fruits, vegetab]c.s, and coarse cereals, often cause constipation. 

2. The habit of neglecting call to stool in early life is responsible 
in many cases. In later life the constant use of cathartics and 
enemas progressively weakens the normal bowel mechanism. 

3. Psychic and nervous factors are important. Nervousness, 
worry, hurry, and anxiety tend to cause constipation. 

4. Body habitus influences bowel regularity. Constipation is far 
more common in the tall thin person (asthenic), than in the short 
stocky individual (sthenic). 

5. Colon anomalies, especially the redundant colon, tend to impair 
the formation of normal stools. 

Types, — The following t;v’pes of constipation are recognized: 

1. Atonic Constipation. — This type is the most common in asthenic 
and thin persons. It may result from long and continued use of enemas 
and cathartics, or be due to a congenital muscular weakness. 

2. Spofitic Constipation. — This is the most common type. The distal 
part of the colon is usually involved. The condition begins usually 
by constant use of cathartics; gradually the effects of fr^uent purga- 
tion and the effects of high roughage diet pro<luce a condition of chronic 
bowel irritation. This gradually causes loss of coordination and lack of 
correlation betw*een the normal functions of the colon. Various segments 
of the colon respond differently; the proximal colon may be atonic and 
dilated, while the distal colon may be spastic and hyperirritant. There 
may be diarrhea or constipation, or the two conditions may alternate. 

Spastic constipation is best treated by rest, bland diet, heat, and 
antispaamodics. The omission of cathartics is essential, as the colon 
is already overirritated. 

3. Rectal Spasm. 

4. Ineffective Colonic Reflexes due to lack of bulk and roughage. 

5. Loss of Defecation Reflex through disregard of call to stool or 
from constant use of cathartics. 

THEEAPEI7T1CS OF CONSTIPATION 

1. Qaneral Hygiene. — Regular hours for meals, proper mastication 
of food, and sufficient sleep are all means of treating the condition 
of chronic constipation. 

2. Psycliotlierapy. — The patient should be informed that there is no 
danger from his trouble. The mental inhibition of bowel function 
must be diminated by proper guidance in thinking. 
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3. Beestablishment of Bowel Habit. — The fecal matter is held in the 
descending colon. By the taking of food (especially breakfast) the 
peristaltic waves tend to urge the fecal column to the rectum. This 
tends to produce a desire to defecate, which is aided by voluntary 
as well as the involuntary muscles of defecation. By establishing a 
regular habit of defecation, about 30 minutes after breakfast, one 
produces astonishing results toward curing chronic constipation. 

4. Exercise. — Outdoor exercise, such as walking, horseback riding, 
golf, etc., is an excellent prophylactic for constipation. An exercise 
that m^es use of the abdominal muscles is valuable. Massage is a great 
help for those who do not desire to exercise. 

5. Hydrotherapy. — Cold baths are of great value in atonic constipa- 
tion. The cold tends to stimulate peristalsis and aids in producing 
an evacuation. Hot baths, or heat applied to the abdomen, induce 
relaxation which relieves the condition of spastic bowel. 

6. Diet. — Fluids are valuable; one to two glasses of water before 
breakfast are recommended. An increased fluid intake remedies ex- 
cessive dehydration of fecal matter in the colon. The diet may bo 
further modified by the addition of roughage, such as bran, to increase 
peristalsis. In .spastic conditions, such as spastic constipation and 
irritable colon, roughage is contraindicated. 

MEDICAD THERAPY 

In the use of cathartics the following rules must be kept in mind: 

1. Cathartics tend to produce, rather than cure, constipation. The 
complete removal of the bowel contents leaves no residue to excite 
bowel movement. 

2. Cathartics are contraindicated in .spastic constipation, us they 
cause a greater spasticity. 

3. Cathartics are contraindicated in acute abdominal pain. i.e.. 
appendicitis, intestinal obstruction, and any acute abdominal condi 
tion. 

4. There are indications for cathartics and when used the mildest 
drug suitable for the individual case should be selected. 

5. Any general routine use of cathartics, such as following colds, 
etc., should be discouraged. 

6. Certain cathartics are eliminated in the milk of nursing mothers 
and their effects upon the baby should bo considered. 

7. Cathartics are indicated in gastrointestinal upsets in children, 
for the removal of poisons from the intestines, in certain types of 
diarrhea, in the treatment of edema, and in cases of temporary 
constipation. 

8. Before giving an active cathartic consider ciirofully the indica- 
tions and contraindications. Decide whether the limited value of 
empt 3 ring the intestinal tract will offset the dehydration, discomfort, 
exhaustion, loss of nutrition, and loss of sleep which follow the ad- 
ministration of cathartics. 

9. Do not use cathartics to relieve pastrointestinnl symptoms of un- 
known origin. 

Cathartics are drugs employed in medicine to evacuate the bowel 
of its contents. There is some evidence of a decreasing tendency 
on the part of physicians to prescribe cathertics. The ideal cathartic 
would be one that would act on the intestine and give no significant 
side reactions after absorption. More space has been allotted In this text 
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to cftthartic8 than their meditjnl usefulnesH warrants; however, a com- 
plete evaluation of them may clear up inuiiy misconceptions previously 
held. 

The mechanism most commonly utilized in the treatment of con- 
stipation depends on the local actions of cathartic agents present within 
the lumen of the gut. For all practical purposes cathartics may he 
considered as acting by one of three fundamental mechanisms, (1) Ir- 
ritamt cathartics act by irritation of the intestinal tract and thus in- 
crei^ its motor activity. This leads to rapid propulsion of the in- 
testinal contents. (2) Bulk cathartics increase the bulk of the in- 
testinal contents until they exert more pressure on the mucous surface. 
They may increase the bulk by their ability to imbibe water and by 
their ability to resist digestion, e.g., agar; or by their ability to draw 
water to the intestine by the osmotic pressure which they exert, e.g., 
saline cathartics. (3 ) Kmnllit nt cathartics lubricate the intestinal 
tract and thus facilitate the passage of feces, Oig., liquid petrolatum. 
The line of demarcation between this classiheation is not always dis- 
tinct; for example, the laxative effect of liquid petrolatum has been 
attributed to lubrication and to softening of the fecal mass. It has also 
been shown that it retains water in an emulsion and thus increases the 
bulk of the stool. This may be an important factor in the pro- 
duction of its effects. 

To .simplify classification the majority of the cathartics may be placed 
in two large groups, the irritant cathartics and those which produce 
cjithartic, action by incrca.sing bulk or hulk cathartics. The following 
classification contains the more important cathartics. 

Bulk I'athartics 
Saline Cathartics 
Plant Colloiils 
Krnollient Cathartics 
Irritant Cathartics 
.\nthraquinone (Kmodin' Gro\ip 
Resinous Group 
Irritant Oils 
Mercury t’athartics 

Miscellaneous Cnthart ics 
Phonolphlhalein 

BULK CATHABTICS 
Saline Cathartics 

Certain salts of .sodium, potassium, and magnesium, which are not 
readily absorbed from the intestinal canal, act as cathartics by in- 
creasing the bulk, chiefly by “salt action. “ The contents of the 
intestines and the stools thus contain more fluid than usual. They 
act by hastening the passage of the contents through the small in- 
testine so that a largo volume of fluid enters the colon and produces 
purgation by distending it with fluid. They may also poraess some 
apecifle stimulating action on the intestinal mucosa, thus increasing 
peristalsis. 

The active constituent of the saline cathartics may be the anion which 
is very slowly absorbed by the intestine, while the cation may be rapidly 
absorbed. The cation of a salt, however, may also fail to be readily 
absorbed, as illustrated by magnesium chloride, while other chlorides 
may ha rapidly aWrbed.* When both ions are slowly absorbed, as in 
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the case of magnesium sulfate, the cathartic action is very efficient. 
The chief saline cathartics used in medicine are: 

Magnesium Sulfate. Sodium Phosphate. 

Solution of Magnesium Sodium Biphosphate. 

Citrate. Seidlitz Powders. 

Magnesia Magma. Sodium Sulfate. 

Phannacological Action. — The sulfates pass through the tissues 
causing no injury, and are excreted unchanged. They may be reduced, 
under certain conditions of fermentation, to the sulfides. Phosphates are 
inactive and are excreted as phosphates by the kidneys. They in* 
crease the acidity of the urine. 

The saline cathartics in therapeutic doses do not induce irritation of 
the intestines as do the vegetable cathartics. Their characteristic effect is 
retarded absorption produced by the presence of a concentrated amount 
of salt which tends to hold the water, permitting slow absorption by the 
gut. 

A solution of isotonic sodium chloride is rapidly absorbed by the 
stomach and small intestine, but an isotonic solution of sodium suliate is 
slowly absorbed, as it passes to the large bowel and on down toward the 
rectum. The weight of tliis volume induces increased peristalsis and aids 
evacuation. 

With a hypotonic solution of sodium sulfate more fluid is absorbed 
and less reaches the large intestine, but a greater volume reaches the 
large intestine than with a smaller amount of sodium chloride. With 
a hypertonic solution of sodium sulfate, fluid is drawn to the bowel from 
the blood because of its higher osmotic pressure. The action results in 
the blood’s giving up its fluid until the intestinal fluid is isotonic, then 
some absorption is possible. 

These salts depend on fluid from the blood and tissues. In edema 
and dropsy the hypertonic sjiline cathartics drain the excess fluid from 
the blood into the bowel. This drainage of fluid from the blood tends 
to cause blood concentration and lea<ls to a sensation of thirst and to 
lessened excretion of fluid by the kidney. Borne salt is absorbed from 
the intestine, which also attracts water, and with dilute salts the blood 
becomes less concentrated and diuresis follows. Stronger solutions at 
first cause concentration of the blood and afterwards the excess of the 
salt in the blood causes diuresis. 

Magnesium Sulfate is the most powerful and widely used saline 
cathartic. It is efficient in action, rarely causes discomfort, and has 
few side reactions. The principal disadvantage is an unpIcaHunt taste. 
A 15 gram dose given in fruit juice is very effective. It does not 
irritate the intestine, is absorbed slowly, and the osmotic pressure of 
the salt prevents the absorption of fluid after the salt has been con- 
centrated to a solution isotonic with the body fluids. 

As a purgative: 

n 

Magnesium Sulfate 30.00 Om. (Sj) 

Ginger Syrup 15.00 cc. (fjss) 

Distilled Water q.s. ad 60.00 cc. (fSij) 

M. 8ig. : Tablespoonful in glass of water every four hours 

as required. 

Magnesium Citrate Solution is a flavored, carbonated, saline cathartic 
and is more expensive per dose than most of the other cathartics. It 
is exceedingly nauseating to many people and not infrequently causes 
violent purging. 
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Magnesia Magma is very palatable and easy to administer to children. 
Its alkalinity makes it desirable in hyperacidity. The addition of 
fruit juice converts it in part into magnesium citrate, which is 
more active. Its continued use may cause a sensation of burning in 
the rectal region. 

Sodium Fhosphate is used extensively in some proprietary medicines. 
It is frequently proscribed in bulk, and the patient is instructed to 
use the powder dissolved in water. The effervescent sodium phos- 
phate is very palatable. 

Sodium Btphosphate is an excellent laxative and is frequently used 
to acidify urine. It is prescribed either alone, in powder or aqueous 
solution, or with other drugs. This drug is commonly used in acidifying 
urine preliminary to giving methenamine, the only drawback being the 
laxative effect of the biphosphate. 

Compound Effervescent Powders (SeidliU Powders ), — The cathartic 
principle is the solution of pota.«<8ium and sodium tartrate rendered 
effervescent by the liberation of carbon dioxide. Tartrates are not 
readily absor^d and hence are fairly good saline cathartics. 

Sodium Sulfate is again coming into popularity. It is a valuable 
drug to follow the administration of anthelmintics or when it is desired 
to deplete the body fluid. One teaspoonful of this salt with an equal 
amount of potassium bitarlrate, taken with fruit juice, constitutes a 
pleasant remedy. 

As a laxative: 

R 

Sodium Sulfate 30.00 Gm. (Sj) 

Potassium Ritartrate 30.00 Gm. (5j) 

^ M. Sig. : Tcaspoonful in glass of hot lemonade before break- 

fast. 

Toxicology. — Most of the saline cathartics have a bitter taste, and 
may, in concentrated form, produce nausea. Dilute solutions cause no 
untoward symptoms other than a slight pain and griping. Polyuria may 
follow the administration of saline cathartics, and the urine may have 
an unusually high percentage of salts. 

Therapeutic Uses. — Saline cathartics may be employed to secure rapid 
evacuation in many disorders. They are indicated in (1) acute con- 
stipation, (2) intestinal putrefaction, (3) to rtdieve edema or dropsy 
by removing excess fluids, (4) to reduce obesity, (5) to lessen milk 
secretion, and (6) to reduce intracerebral pressure. 

In acute constipation magnesium citrate, magnesium sulfate, magnesia 
magma, and Scidlitz powders are very useful. The fluid stools, which 
result from their use, make them espeidally useful for patients with 
hemorrhoids, anal ulcers, and painful pelvic conditions. 

In ifitestinal putrefaction the same salts are imlieated but in larger 
doses. Some recommend magnesia and magnesium carbonate for re- 
moving intestinal putrefaction, for they, being quite insoluble, are less 
liable to purge. The saline cathartics are contraindicated in nervous 
persons, as they produce depression owing to loss of fluid. They should 
not be used routinely in febrile illness and in debilitated or elderly per- 
sons. 

For the treatment of edema, magnesium sulfate is verv effective. It 
is used in a large dose di.HSolved in water (1:1). This method at 
present is considered less effective than the use of purine derivatives. 

The sulfates and tartrates are frequently used in a single large dose. 
Sodium phosphate, given in jelly or milk, is a good remedy for the 
treatment of children. 
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Preparations 

Magnesium 8ulfate, Magnesii Sulfas, U.S.P., B.P. (Kpsom salt). 
MgS0«.7H,0. SmaU, colorless, odorless crystals, with a cooling, 
saune, bitter taste. Freely soluble in water (1:1)* Dosage: 
15 Gm. (4 drachms) in solution. 

Magnesium Citrate Solution, Liquor Magnesii Citratis, U.S.P. Mag* 
nesium citrate corresponding to about 1.8 per cent of magnesium 
oxide. Dosage: 200 cc. (7 fluidounces). 

Magnesia Magma, Magma Magnesiae, U.S.P. (Milk of Magnesia). A 
suspension of magnesium hydroxide (about 7.3%) in water, form- 
ing a thick, white liquid. Dosage: Antacid. 4 cc. (1 fluidrachm) ; 
laxative, 15 cc. (4 fluidrachms). Mistura Magnesii Hydroxidi, 
B.P., 4-16 ml. (60-240 min.). 

Sodium Phosphate, Sodii Phosphas, U.S.P., N^HPC^.T 11,0, represent 
iiig about 53.5 per cent of the anhy<lroiis salt. Dosage: 4 Gm. (I 
drachm). (B.P. preparation — Na],HP 04 * 12 H, 0 . Dosage: 2 to 
12 Gm.). 

Sodium Biphosphate, Sodii Biphusphas, U.S.P., NalljPO^.IlaO. Dosagt : 
0.6 Gm. (10 grains). 

('oinpound Effervescent Powders, Pulveres Effervcsccntes Com posit i, 
U.S.P., B.P. (Seidlitz Powder). The blue paper contains sodium 
bicarbonate (2.5 Gm.) and potassium and sodium tartrate (7.5 
Gm.). The white paper contains tartaric acid (2.2 Gm.). 
Dosage: The contents of a white and of a blue paper are dis- 
solved separately in about two fluidounce.^ of water, and the solu- 
tions mixed. 

Sodium Sulfate, Sodii Sulfas, U.S.P., B.P. (Glauber's salt), XajSO,. 
10 H,0. Colorless, odorless, efflorescent cry.‘ttals, or a granular 
powder, having a bitter, saline taste. Freely soluble in water 
(1:1.5). Dosage: 15 Gm. (4 drachms). 

Plant Ckilloids 

A number of vegetable gum.s and mucilages have been introduce<I 
recently for their alleged value in chronic constipation. They in- 
clude bassoran, karaya, and tragacanth gum preparations, e.g., meta- 
mucil. 

This group of cathartics may prove more satisfactory than liquid 
petrolatum in the treatment of chronic constipation. It is impor- 
tant, however, to administer plenty of water; otherwise there may be 
a tendency to the formation of dryland hard feces. 

Agar-agar is a dtied mucilaginous substance (galactan) extracted 
from several varieties of seaweed. It is not digested but absorbs 
water, thus it adds to the bulk of the feces and serves to carry 
water along to the lower bowel. The action requires from five to 
seven days. It is often combined with cascara, emulsified with liquid 
petrolatum, or combined with phenolphthalein. 

It is one of the most valuable agents in the therapy of constipation 
of the spastic type, as it provides bulk without the irritant qualities 
of cellulose, vegetables, or bran. 

Psyllium seeds are the seeds of the plant Plantago psyllium. They 
have a mild laxative action similar to that of agar. The seeds are 
soaked before using. 

Bran. — Roughage is best supplied in the form of fruits, vegetables, 
and bran. Bran has been useil with indiscretion for several years and 
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has produced harmful results, but when used to supplement a concen- 
trated diet, it has its proper place in the dietary regime. It is contra- 
indicated in spastic constipation and in cases of partial stenosis. 

Preparations 

Agar, Agar, U.S.P., B.P. Dosage: 4 Gm. (1 drachm). 

I'lantngo 8ec<l, Plantaginis Semen, N.F. (Psyllium Seed). Dosage: 

7.5 Gm. (1% drachms). 

Emollient Cathartics 

Einolliciit cathartic.s include olive oil and liquid petrolatum. 

Olive Oil. — Olive oil is a fixed oil obtained from the ripe fruit of Olea 
europaca. It is a valuable cathartic in cases of chronic constipation. It 
is not completely absorbed and it softens and increases the bulk of the 
stool, thereby increa.sing peristalsi.s. It is also employed in many official 
preparations, in the treatment of tuberculosis, gall bladder diseases, hy- 
perchlorhydria, etc. In chronic gall bladder disease olive oil is given at 
bed time; it tends to empty the gall bladder. In the treatment of 
hyperchlorhydria or peptic ulcer, olive oil is given for its demulcent 
action and to lessen the production of hydrochloric acid. It is palatable 
and not particularly objectionable. 

For laxative action it may be administered on retiring, or in divided 
amounts two or three times during the day. Olive oil cannot be replaced 
by cottonseed oil, as in the process of refining, certain fatty acids are 
removed from cottonseed oil which renders it nonlaxative. Externally, it 
is used in the treatment of indurative .and pruritic skin diseases. 

PREeARATION 

Olive Oil, OUum OUcat, U.S.P.. B.P. Dosage: 50 cc. liuidounce). 

Liquid Petrolatum. Licpiid petrolatum unineral oil) is a mixture of 
liquid hydrocarbons from potrolatuiu. It has continued to hold a prom- 
inent place in the treatment of chronic constipation because of its harm- 
less properties: It is indigestible, practically nonabsorbable, and incap- 
able of undergoing bacterial decomposition. It is apparently emulsified 
in tlio gut, ami tlii.s tends to incnaise the bulk, which in turn is followed 
l»y stimulation of the intestinal wall ami an increase in peristalsis. 
When the oil becomes emulsilied, it penetrates the intestinal contents, 
mwhanically softening the ftvc's. Recent evidenee indicates that mineral 
oil tloes not ne<*essarily coat th«» intestines, interfering with absorption 
and secretion, to any great extent. 

Liquid petrolatum has been accused of causing deficiencies of the 
fat'smuble vitamins. It will dissolve carotene (provitamin A) from 
food and excrete it in the feces. However, natural vitamin A is al- 
most quantitatively absorbed from the gut in the presence of mineral 
oil, hence the additiou of adequate amounts of vitamin A to mineral 
oil should be of value in such conditions as chronic constipation, if 
mineral oil is taken over long periods of time. 

The average dose is 1 drachm to 1 ounce (4 to 30 cc.), and it is best 
given at l>edtimo or before breakfast. It can be easily flavored. Any 
one of the following flavoring oils is satisfactory: clove oil, 10 drops 
to 500 cc. of mineml oil; almond oil, 15 <lrops to 500 cc. of mineral oil, 
or 15 drops of either peppermint or s|K»nriiiiiit oil to 500 cc. of mineral 
oil. This drug is particularly vnluui»le in such conditions as hemor- 
rhoids and Assures, and those conditions in which the intestinal lumen 
is reduced in caliber. 
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Preparations 

Liquid Petrolatum, Petrolatum Liquidum, U.S.P. Dosage: 15 cc. (4 
Anidmchms). Para ffinum Liquidum, BJP. 

Liquid Petrolatum Kniulsion, Emulsum Petrohiti Liquidi, U.S.P. 
Liquid petrolatum (50%), acacia, syrup, vanillin, alcohol, and 
distilled water. Dosage: 30 cc. (1 fluidounce). 

IRRITANT CATHARTICS 
Antliraquiiione or Emodin Group 

A number of drugs — rhubarb, senna, cascara, aloe, and their 
related compounds — are in themselves inactive, but when hydrolyzed 
or oxidized in the intestine they form various anthracene com- 

pounds. The slow liberation of these irritant substances produces 
catharsis. They act chiefly on the large intestine, since they are active 
only after hydrolysis. The most common of these substances are 
emodin and chrysophunic acid. 

o o o 


cl CH, cl OH CH, (I on 



Anthraqulnone Chrysophanic acid Emodin 

(CmHcOs) (CitHiiiO*) (CuHivOft) 


Emodin is partly absorbed in the urine, which is colored yellowish 
brown when it is acid, and red when alkaline. Some may be excreted 
in the milk and cause catharsis in the nursing baby. The pure prin- 
ciples of these drugs are not as satiMfucU)ry us the crude form, per- 
haps because they are ab.^orbed too readily, producing toxic symp- 
toms. 

The anthracene group requires from eight to twelve hours to act; 
there is some griping which is attributed to the resinous bodies. 
Better results are secured by giving smaller doses at more frequent 
intervals. No marked tolerance is established by repeated doses. The 
anthraquinone cathartics tone up the muscles of the colon. They are 
particularly indicated for the treatment of chronic atonic constipa- 
tion. 

Rhubarb. — Hhuliarb consists of the dried rhizome and roots of 
Rheum officinale and other species of Rheum. Its preparations are still 
used, but with decreasing frequency. Rhubarb is indigenous to China 
and was introduced to the Western World at about the beginning of 
the Christian Era. 

Rhubarb contains a considerable amount of tannic acid as well as 
cathartic principles. The tannic acid acts as an astringent and tends 
to cause constipation after the bowel is emptied. Rhubarb may cause 
nausea, headache, and occasionally skin eruptions. Doses of 0.03 to 0.3 
gram produce astringent action, and such doses are indicated in diar- 
rhea; larger doses (1 to 5 Gm.) are indicated for laxative effects. 
Rhubarb and its extract are cathartic, bitter tonic, and stomachic, while 
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the aromatic syrup and tincture are laxative and slightly astringent. 
As cathartics they act chiefly on the colon and have a tendency to 
produce constipation after the initial laxative elTect. 

Rhubarb is still prescribed but usually as an adjuvant for other 
agents. Rhubarb preparations act in about eight hours, and they may 
be taken between meals or at night. Repeated use sometimes leads 
to the development of skin rashes. The taste is disagreeable; the drug 
frequently causes griping, and it often discolors urine. 

For constipation: 

B 

Rhubarb Powder 
Magnesium Oxide 

Sodium Bicarbonate aa 30.00 Gm. (5j) 

M. Sig. : A tcaj^poonful two or three times daily when needed. 

Pkkp.\ratioxs 

Rhubarb, Kh* um, U.S.P., IbP. Rhizome and root of certain species of 
Rheum. Dosmjt: 1 Gm. (1.^ grains;. 

Rhubarb Extract, Kxtractum Hhti^ N.F. One gram of extract repre- 
sents 2 Gm. of rhubarb. Dnsatjt : 0.5 Gm. (1^2 grain.s). 

.Vromatic Rhubarb Syrup, Syrupus Vhei Aromaticus, U.S.P. Aromatic 
rhubarb tincture ) and i>otas.Hium carbonate in syrup. 

Dosage: 10 cc. (12VL» fluidrachms). 

.Vromatic Rhubarb Tincture, Tinclura Hhei Aromaticaf U.S.P. Rhu- 
barb (20%\ cinnamon, clove and myri.stica in glycerin, 
alcohol, and distilUvl water. Absolute alcohol content about 45 
percent. Dosage: 4 ce. ( I fluidrachm). 

Senna. — Senna is the dried leaves of Cassia Senna, a plant in- 
digenous to Africa and Arabia. It was used as a cathartic by the 
ancients. Senna is a popular domestic remedy. It may be ad- 
ministered by having the patient chew the leaves, but it is more 
frequently made into a tea. Senna belongs to the anthraquinone 
group of vegetable cathartics which act on the large intestine. It is 
one of the most valuable drugs of this class and is especially indicated 
for the treatment of chronic constipation. It is more active than 
Gascara Sagrada, and is more prone to cause griping and abdominal dis- 
tress. It is contraindicated in any comlitiou if there is intestinal 
jiiflamniation pn^sent. 

Senna is best prescribed in the form of a lea. To this may be 
added manna, which serves to sweeten it and increases its laxative 
effect. Senna taken in this form docs not gripe. Compound Senna 
Powder, fomierly known as Compound Licorice Powder, is prcscribe<l 
alone or in fruit juice. 

Preparations 

Senna, Senna, U.S.P. (Senna Leaves). Dosage: 2 Gm. (30 grains). 
S»Mina Fluidextract, FtuidfXtractum Sennae, U.S.P. Senna (100^). 
Absolute alcohol content about 25 per cent. Dosage: 2 ec. (3n 
minims). Extractum Sennae Liquidum, B.P. Dosage: 0.6-2 ml, 
(10-30 minims). 

Compound Senna Powder, Putvis Sennae Compositus, N.F. Senna 
08%)» wasdied sulfur (8^) with glycyrrhiza, oil of fennel and 
sugar. Dosage: 4 Om, (1 drachm). 

Senna Syrup, Syrupus Sennae, U.S.P., B.P. Senna Fluidextract 
(25%) and coriander oil in sucrose and water. Absolute alco- 
hol content about 6 per cent. Dosage: 8 cc, (2 fluidrachms). 
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Aloe. — Aloe is the name given to the dried jui(?e of several species 
of^ the eactuslike aloe plants of Arabia and East Africa. It con- 
tains the active principle aloin, a mixture of anthracene derivatives. 
Aloin is very bitter, therefore it must be administered in pills. Small 
doses may be used as a stomachic. Moderate doses are laxative and 
cause griping, and therefore are often combined with belladonna or 
carminatives. This drug is satisfactory for chronic constipation. 
The effects are similar to those of cascara, but it is somewhat more 
irritant. Aloe causes congestion of the pelvic organs and is there- 
fore contraindicated in pregnancy, menstruation, and in the presence 
of hemorrhoids. 

Aloin, obtained from aloe, is the most frequently used preparation. It 
is usually prescribed as Compound Laxative Pills or in some other com- 
bination of purgatives. The drugs apparently act on the lower part of 
the intestine. This drug is particularly useful for correcting the con- 
stipative effect of iron medication. 

For chronic constipation: 

B 

Aloe Pills Xn. XXX 

Sig.: One pill at bedtime (N.F.). 


1*KKPARATI0NS 

Aloe, AloCf U.S.P., R.P. Dosaffe: 0,25 Oni. ( t grains i as pills. 

Aloe Pills, Pilulae AloeSf N.F., B.P. Each pill contains aloe, 0.13 
Gm. (2 grains) nith soap. Dosage: 2 pills, 

Aloin, Aloinum, U.S.P. Obtained from aloe. Dosage: 0.015 Om. (^4 
grain) in pills. 

Aloin, Strychnine and Belladonna Pills, Pihtlae .l/oini, Strychninae et 
Peltadonnae, N.F. Each pill contains aloin 0.013 Gm. (\i 
grain), strychnine, 1 mg. grain), ami pibilar belladonna 
extract, 0.008 Gm. grain; witli glycyrrhi/.a and glucose. 
Dosage: 1 pill. 

Oascara Sagrada. — Cascara sagrada i.s obtained from the bark of 
a shrub, Bhamnus purshiana, found on the Western Coast of the 
United States. Cascara sagrada as now marketed is effective and 
causes little discomfort. As is the case with thi.s entire group of 
drugs, the active cathartic principles are Hl>erated only after hydrol- 
ysis in the alkaline lower third of the small intestine.' The cathartic 
action is exerted almost entirely upon the large bowel. The effect is 
prefaced in from eight to twelve hours. It produces its effect by 
irritation, but usually without griping pains, and the irritation is not 
severe. Since its efficiency is not lost by repented use, it is an effec- 
tive drug in chronic constipation. The extract is sometimes used, but 
the flttidextract or the aromatic fluidextract of the drug is chiefly 
employed. The aromatic fluidextract is not as active as might be 
ejected, because some of the bitter principles are removed. The 
simple fluidextract is very bitter, so if given three times a day it also 
exercises a tonic effect. 

These preparations are prescribed alone or with milk, or small 
amounts may be added to other formulas to make them laxative. 
Cascara sagrada is a stimulant, laxative, and cathartic, and is used 
chiefly in chronic constipation. It softens the stools with little 
irritation. No tolerance is developed. A dose of 15 drops of the 
fluidextract, three times daily, is satisfactory. As a tonic and 
laxative: 



UKUOS ACTING ON SKIN AND MUCOUS MEMBRANES 


181 


Cascara Sagrada Fluidextract 30,00 cc. (^Sj) 

Olycerin 

Aromatic Elixir aa 15.00 cc. (fSw) 

M. 8ig. : TeaspooiifuJ after mcala. 

Preparations 

Cascara Sagrada, (aacara Sayrada, U.S.P., B.P. Dosage: 1 Gm. (15 
grains). 

I’uscara Sagrada Extrjict, Extradum ('asearac Hagradae, U.S.P. Om* 
gram (if extract represent.*^ 3 Giii. of cascara sagrada. Dosage: 
0.3 Gni. (5 grains). Cascara Sagrada Kxlra(*t Solution, Ex- 
tractum Vnscarae Sagradae Liquidumy H.P., fl. dr.(2*4 ml.). 
Cascara Sagrmla Extract Tablets, TabeUae Cascarae Sagradae Extracti, 
U.S.P. Dosage: 0.3 Gm. i, 5 grains). 

(’ascara Sagrada Fluidextract, Fluid< xiractvm Cascarae Sagradae^ 
U.S.P. Cascara sagrada (100%). Absolute alcohol content 
about 18 per cent. Dosage: 1 cc. (15 minims). 

.\i(imati(‘ ('a.^cara Sagrada Fluidextract. Ftuidextraetum CoM'arae Sa- 
gradae .‘tromatieuui, \\S.P. Absnliito alcohol content about IS 
per cent. Ihisagt : 2 cc. (30 minims). Elixir Cascarae Sagradai, 
B.P.. 2 4 ml. I 30 00 min.). 

Besinous Group 

'riu* i‘atharlic resins inclmle jalap, ipoimx^a, chiteriii, coloc}iith, and 
podophyllum. Thes<* sulistanc(»s are. rarely used now due to their drastic 
action. Only podophyllum will be discussed. 

Podophyllum. — Podojihylhnn is the dried rhizome and roots of the 
perennial herb rodophyllum pt Hat urn whieh grows in Canada and in the 
Ignited Slati's. It was early adopted by the .settlers for general use. Its 
active principles are resins. Podof»hyllum is cholagogue, laxative, and 
4*ath}irtic, ami is xm'd in chronie constipation. Bivause it acts slowly, 
producing soft stools in from twelve t(» thirty-six hours, podophyllum is 
a valuable laxative iu ehronic eonslipation, .\s its effects are somewhat 
uncertain, if is ndvi.sable to begin with a smaller dose than that recom- 
mended by the X.F., and increase it if ne<mssary. The resin of podo- 
fihylluni, which is the pre[»aration used, is very irritating to the eye and 
mucous membranes in gem»rn1. Tt is usually ordered in small doses with 
other drugs to increase its purgative action. 

Preparations 

Podiiphyllum, Podophyllum, N.F. Yields not less than 5 [>er cent of 
resin. 

Podophyllum Ifesin, IDsina Podophylli^ N.F. Dosage: 0,01 Gm. 

[M\ gniin). Podophylli Kesina, B.P., ^/4-l gr. 


Irritant Oils 

The irritant oils include castor oil and croton oil. Due to its vio- 
lent irritant action the latter is rarely used in medicine. 

Oastor Oil. — Castor oil i.*« a fixed oil obtained from the seed 
communis, Tlie highly relined oil that may now l»e purchastMl is odorless 
and almost tastclass. 

Castor oil eossists chiefly of the triglyceride of an unsafurated fatty 
acidi ricinoloic acid. The neutral fat is active only when saponifled 
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in the intestine. The cathartic action is due to motor stimulation 
of the small intestine. The internal secretion is not increased, the fluid 
stools being due chiefly to the rapid passage of the feces. Passage may 
occur in two hours instead of a normal eight-hour period. 

Castor oil is the most valuable and extensively used purgative in 
medicine. It is characterized by efficient purgative action followed by 
a tendency to check intestinal activity. This is desirable in the treatment 
of diarrhea, dysentery, and other digestive disturbances. It is par- 
ticularly valuable in the treatment of diarrhea caused by irritants and 
infections, and is also valuable in securing the rapid removal of toxic 
drugs from the gastrointestinal tract. 

The drug is best administered before breakfast on an empty stomach. 
It may be given in lemon juice, ginger ale, or in various other ways. 
The usual dose is ^ to 1 ounce. In administering the oil to children, the 
first dose is frequently vomited. If repeated promptly, it will almost al- 
ways be retained. 

In diarrhea or dysentery a desirable mixture is 1 fluidrachm (4 cc.) of 
paregoric and 1 fluidounce (30 cc.) of castor oil, beaten up into a 
creamy mixture and administered alone. Castor oil often has a con- 
stipating effect after purgation, so that it may be advisable to follow 
it with some other laxative. If it is used continuously, gastric symptoms 
may occur. 

Externally, it is used in the treatment of hums, ulcers, and chronic 
indurative skin diseases. 


Preparation 

Castor Oil, Oleum Bicini, U.S.P., B.P. Dosage: 15 cc. (4 fluidrachras). 

Mercurial Cathartics 

While mercury is a general protoplasmic poison, several of the 
insoluble mercury salts are slightly soluble in alkaline .secretions of 
the intestines and produce a mild irritation followed by catharsis. 

Mode of Action. — Preparations of mercury pass through the stomach 
unchanged and apparently form some mercury-protein combinations 
in the intestine. The compounds thus formed are quite active, and 
it is thought that the union with the intestinal protein causes the 
increased peristalsis, increased glandular secretions, and decreased ab- 
sorption, The contents of the small intestine pass more rapidly to the 
large intestine. 

Calomel (mild mercurous chloride), and mercury with chalk are 
preparations used for their cathartic action. Mild mercurous chlo- 
ride (calomel) produces a dark green semisolid stool in ten to 
twelve hours. The action is very mild and is rarely contraindicated 
even in enteritis. This compound also produces an antiseptic action in 
the intestines, reflected by the decrease of urinary indoxyl. Larger 
doses may favor bacterial growth by diminishing intestinal resistance. 
Calomel is contraindicated in conditions in which there is a possibility 
of intestinal obstruction, as it is slowly absorbed and may produce mer- 
cury poisoning. Calomel produces a marked diuresis in cases of edema 
but does not produce diuresis in normal persons. At one time calomel 
was very popular but it is now rapidly falling into disuse. 

To a large extent the popularity of mercury with chalk is waning. 
Merewry with ehdlk, or gray powder, Is used chiefly for infants, since 
it has a milder action than caiomeL 

For adults, the mild mercurous chloride is the preparation of choice. 
It may be administered with sugar, in powder or in capsules. It is often 
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combined with some other purgative, as phenolphthalein, podophyllin, 
rhubarb, etc., and administered in capsules. 

A very satisfactory plan for administering calomel is to give it in 
small doses (Vip grain capsules) and repeat every twenty minutes until 
one or two grains have been given. 

In addition to its use as a cathartic, calomel is also used as a diuretic, 
as an antiseptic, and in the treatment of syphilis. 

Contraindications. — Mercury is contraindicated in weakness, ane> 
mia, and cachexia. In severe nephritis, weak digestion, and advan<^d 
tuberculosis of the lungs mercury should be used with extreme caution. 
The use of mercury is not contraindicated in pregnancy; in fact, clinical 
results have shown that in patients with syphilis mercury diminished the 
tendency to miscarriage. Other contraindications are scurvy, dysentery, 
severe heart disease, disease of the gums, and in cases in which iodides 
have been administered internally. 

As a purge: 

B 

Mild Mercurous Chloride 
Phenolphthaloin 

Rhubarb Powder aa 0.30 Gm. (gr.v) 

Mix and put into 3 capsuh*8. 

Hig.: Take one each hour. 

Preparations 

Mercury w'ith Chalk, Hydrargyrum cum Cretn, N.F. (Gray Powder). 
Mercury (about 38%), with prepared chalk (57%), honey, and 
water. Dosage: 0.25 Oni. (4 grains). 

Mild Mercurous Chloride, Jlydrargyri Chloridum Mite, U.S.P. (Calomel). 
Hydrargyri Subchlorulum, B.P Dosage: Laxative, 0.12 Gm. 
(2 grains). 

Mild Mercurous (’hloride Tablets, TahcUae Jlydrargyri Chtoridi Mitis, 
N.F. (Calomel Tablets). Contains 92.3 to 107.5 per cent of the 
stated amounts of Mild Mercurous Chloride. Dosage: 0.00 Gra. 
(1 grain) of Mild Mercurous Chloride. 

Miscellaneous Cathartics 

Phenolphthaleln. — Phenolphthaloin, a condensation product of phe- 
nol and phthalic anhydride, is used in medicine chiefly as a cathartic. 
It is a white pow'der almost insoluble in water but soluble in alcohol 
(1:13). Its derivative, phcnolsutfonphthoh in, is used in testing kidney 
function. 

Pharmacological Action , — Phenolphthulein resembles the anthracene 
purgatives in its general mode of action. Berk et al. (1942) believe 
phenolphthaloin acts directly on the muscle. 

Part of the drug is absorbed and is excreted in the bile, and hence 
will produce purgative effects for three or four days. After oral ad 
ministration 85 per cent appear in the feces while traces are found in 
the urine. After hypodermic administration it is excreted in the urine, 
feces, saliva, and tears. 

Toxicology . — ^Phenolphthalein has a cumulative action if taken regu- 
larly. The chief toxic effects produced are skin rashes and occasionally 
renal irritation. Large overdosage can produce severe intoxication, and 
hence it is unwise to dispense for use by children in the form of choco- 
late tablets. 
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Therapeutic Uses , — The use of phenolplithaleiri should bo supervist^d 
and stopped when toxic manifestations develop. It is useful in the 
treatment of chronic atonic constipation and is considered a fairly safe 
and reliable cathartic. In spastic constipation its use is contraindi- 
cated. 

Preparation 

Phenolphthalein, Phenol phthakinum, U.B.P., B.P. Dosaqe: 0.06 Gm. 

^ (1 grain). 

CHOICE or CATHARTIC 

The choice of a cathartic, when one is indicated, is an imporlant de 
tail with reference to the success of tlie treatment. Ihe loUuwing points 
should be kept in mind: 

1. Oascara sagrada is a drug especially indicated for con.stant daily 
use when a mild, effective cathartic is desired. It produces no toler- 
ance, and decreasing doses are possible. It may be used in conjunction 
with mineral oil. 

2. Castor oil is recommended for an occasional powerful purge. It 
is mildly irritating to both the small and the large intestine. 

3. Mild mercurous chloride (calomel) may be given by mouth in the 
presence of nausea and vomiting, as it is not offensive to the stomach. 
Care should be exercised, as mercurial poisoning may occur. 

4. Phenolphthalein has no great advantage over other cathartics 
other than the ease of administration. The drug occasionally give.** 
rise to a permanent hemorrhagic rash. 

5. Saline cathartics. The milder salines are the only ones that 
should be used habitually. Magne.sium oxide and Seidlitz powders 
are pleasant ways of administering mild cathartics. 

6. The use of cathartic pills should be di.*iCoiiraged, for a regular 
habit may soon be establi.shed. 

7. Agar is a valuable therapeutic agent for the spa.stic type of 
constipation. It provides the desired bulk and lack.s the irritating prop- 
erties of cellulose and bran. It may be given with mineral oil or 
cascara. The agar mineral emtiKsions, so wddely advertised, are of 
little value because of the small amount of agar (2 to 6%) present. 
The laxative effect of these emulsions is usually due to the presence 
of phenolphthalein or magnesium. 

Prescribe Cathartics Cantlously. — Cathartic.5 are not, as yet, in- 
cluded among the dangerous drugs, but they are prescribed care- 
lessly and taken light-heartedly by phy.sicinn.s and laymen alike. 
Under certain conditions, however, a cathartic can produce grave 
results. A cathartic at the beginning of an acute illness tends to 
dehydrate an already dehydrated patient, depicting the fluid reserves 
still further. Cathartics should never be given in diseases in which 
diarrhea is a symptom; and only in the early stages of an acute 
abdominal infection is the administration of a cathartic indicated. 

Accordins: to Fhntus (1939) ^^even the mildest and blandest laxa- 
tive, SrS well as ^enemas, must be charged with a tendency to get the 
bowel into sluggish habits, for this very ease with which solid or liquid 
extents paM along the bowel diminishes the necessity for muscular 
effort and adds to atony and ultimately to atrophy. * * 

l^utioe administration of cathartics before surgical operations 
only disturbs the water balance of the tissues and in most ^ses en- 
courages shock. Purgation is exhausting ;ind in conditions such as 
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lobar pneumonia hinders the chances of recovery. The use of 
oaihartics as a routine procedure in any branch of therapeutics is poor 
treatment. 
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CHAPTER VII 


ANTISEPTICS, DISINFECTANTS, AND 
ANTI-INFECTIVES 

I. ANTISEPTICS AND DISINFECTANTS 

‘‘In Nature’s battle against disease the physician is but 
the helper who furnishes Nature with weapons, the apothecary 
is but the smith who forges them.” 

— Paracelsus (1493*1541). 

Probably no man has exerted a greater influence on the practice 
of surgery than Joseph Lister. He was greatly influenced by an 
article telling of the work of Pasteur who had shown that ‘‘the air 
was full of living germs and that these were carried on particles of 
dust floating on the atmosphere; that the activity of these particles 
of dust can be destroyed by heat, and that they can be filtered off 
by cotton wool.” It occurred to Lister that suppuration in wounds 
could be prevented ‘‘by applying in a dressing some material capable 
of destroying the life of the floating particles.” 

Lister, who was interested in the treatment of compound fractures, 
used cotton soaked in carbolic acid as a dressing for these fractures. 
He tried out various dilutions of phenol for washing skin prepara* 
tory to operating. Later he u.sed carbolized cerate and also oil of 
eucalyptus. In 1870 he introduced the carbolic acid spray, in the 
belief that it would destroy germs before they came in contact with 
the field of operation. Later, many other drugs were proved more 
valuable than phenol because of their less destructive action on 
tissues. Now surgeons try to work under strict aseptic conditions 
and use a wide variety of antiseptics and disinfectants to cleanse the 
skin, hands, and instruments. 

Preventive medicine and surgery are both dependent upon efficient 
medicinal agents for the prevention and treatment of infections. Those 
drugs commonly used are termed ‘‘antiseptics,” and “disinfectants.” 
The most acceptable definitions are: 

Antiseiitlc. — “A substance that opposes sepsis, putrefaction or 
decay.” The United States Food and Drug Administration has recog* 
nized that the word “antiseptic” has two meanings — to kill bacteria 
or to prevent their growth, depending upon the use of the product. 
Products, such as salves, ointments, etc., may be properly de.signated 
as antiseptics, if they inhibit the growth of bacteria. Mouthwashes, 
douches, gargles, etc., may be designated as antiseptics, however, 
only if they destroy bacteria in the dilutions recommended and in 
a period of time compatible with their usage. 

Dlsilifectaat* — “An agent that frees from infection.” It is usually 
a chemical agent that destroys bacteria. It is synonymous with 
germicide and bactericide. 

Mode of Action of Antiseptics. — The ideal antiseptic is one that will 
actively inhibit the growth of bacteria in the presence of body fluids 
without injuring the cells of the host. In view of the great similarity 
between bacteria and the cells of the host the problems involved in 

186 
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securing agents with specific bacteria action is most difficult. There 
is some information available regarding the effects of antiseptics on bac- 
teria, but experimental difficulties make it hard to determine the inter- 
actions of antiseptics with tissue cells. 

The following reactions are believed to take place between anti- 
septics and bacteria. 

1. Neutbauzation of Free Basic or Acidic Groups of the bacterial 
protein. Such neutralization of vital functional groups seems to cause 
metabolic disturbances in the microorganisms, and eventually death. 

2. Formation op Nonionized Complexes between antiseptics and 
bacteria may explain the antiseptic activity of some compounds. An- 
ionic antiseptics have been proposed for certain neutral or faintly 
alkaline sodium salts of acids of high molecular weight, familiar ex- 
amples being acid fuchsin (acid dyes), ammonium and calcium man- 
delates, and common soap. These antiseptics may function through the 
interaction of their acidic ions with the basic groups of bacteria to form 
feebly ionized compounds (IStearn and Steam, 1924). 

The cationic antiseptics, which are the converse of the anionic group, 
consist of neutral salts of bases of high molecular weight and include 
the ‘'basic dyes,’^ such as brilliant green and crystal violet, triphenyl- 
methane dyes, and the acridine antiseptics (proflavine, acriflavine), as 
well as colorless higher alipliutic amine.s represented by zephiran. This 
group is thought to act by uniting with the acidic group in bacteria to 
form feebly ionized compounds. 

3. Surface Activity of certain drugs may explain their antibac- 
terial action. The pro[)erty of surface activity, that of congregating 
at a boundary, is due to tlie molecule possessing a powerful polar group, 
such as — COOH or — NH, at one end of the molecule while the rest 
of the molecule constitutes the “nonpolar^' gi’Dup, In general the 
polar groups are brouglit together while the nonpolar groups attract 
each other. This mechanism could concentrate substances of an anti- 
bacterial nature on or in the cell wall and thus cause destruction of the 
cell. 

4. Formation op Complexes. — Formaldehyde appears to act by form- 
ing complexes involving the free amino groups of protein. No other 
aldehyde, however, has comparable antiseptic properties. 

5. Halogenatino Action. — The halogenating agents, iodine, and or- 
ganic compounds liberating hypcndilorous acid, appear to act both by 
halogenating free amino groups and through direct oxidizing action. 

0. Oxidizing Action, — Agents such a.** ozone, hydrogen peroxide, and 
{Herman ganates are bactericidal because of their frank oxidizing action. 
These agents are rapidly inactivated by bacteria and human tissues 
and do not distinguish betw'een bacteria and human tissues. 

7. Displacing op Essential Mbtaboute. — The sulfonamides lack 
general antiseptic activity except in high concentration. Their mode of 
action is thought to be due to their ability to displace an essential me- 
tabolite, apparently p-amino-benzoic acid, from a bacterial enzyme. 

Selection of a Disinfectant* — In general, the selection of a disin- 
fectant for the sterilization of gloves, clothing, and instruments, is 
relatively easy and is limited only to the susceptibility to damage 
from the agents used, the amount of labor and the disinfectants 
available. The disinfection of tissues, however, is a matter of great 
importance. Naturally the necessity of disinfection must be care- 
fully weighed against the possible damage of the agent to the tissues 
involved. 
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Efficiency of Disinfectants. — ^The efficiency of disinfectants de- 
pends on many factors. Some of these factors are: (1) concentra- 
tion of disinfecting agent; (2) the ability to penetrate and diffuse 
into tissues; (3) length of time agent is in contact with microorgan- 
isms; (4) the temperature at which agents are applied; (5) the re- 
action of the environment; (6) the number and type of organisms 
present and the type of environment (media) in which they are 
found. 

The measurement of the relative efficiency of various disinfectants 
is of considerable importance and a number of methods for testing the 
potency of disinfectants have been devised. The best known is 
the Hideal-Walker method or some modification of it. The phenol 
coefficient in the BideabWalker method is determined by dividing 
the figure indicating the degree of dilution of an antiseptic that 
will kill Bacillus typhosus in a given time by the degree of dilution 
of phenol that will produce the same results in the same time under 
identical conditions. The phenol coefficient is valuable only for the 
disinfectants related to phenol, and is of little value for metals, 
iodine, chlorine, and other antiseptics. 

A vast array of chemical compounds and proprietary preparations, 
many of which are exploited with exaggerated chiims, are available. 
Only a few of the most important substances will be discussed. 

PHENOL AND DERIVATIVES 
Phenol 

Phenol, carbolic acid (C,H,OH), a monohydroxy benzene, is obtained 
from coal tar by fractional distillation or made synthetically. It ap- 
pears as colorless or reddish crystals which are soluble in water 
(1:15), alcohol, glycerin, and oil.s. Solutions in fatty oils are not 
antiseptic because their affinity for the fatty oils is so great that 
they exert little effect on bacteria or tissues. 

Phenol was the first of the modern antiseptic.^ to be used, being 
introduced by Lister in 1867. It was used extensively as an antiseptic 
following its introduction but is seldom used for this purpose today. 
Lister's confidence in phenol so firmly established the reputation of 
this compound that it has become the standard by which germicidal 
powers of antiseptic and disinfectant compounds are compared. 

Phannacological Action. — Phenol possesses antiseptic and germicidal 
action; also local anesthetic and caustic action. Aside from its local 
action phenol produces marked changes in the central nervous system. 

Phenol is rapidly absorbed from the stomach, intestines, skin, and 
mucous membranes. After absorption a large portion is oxidized to 
hydroqninone and pyrocatechin which are excreted in the urine, giving 
it a brown color. ^ Some of the drug is combined with glycuronic acid 
and some is combined with sulfuric acid to form phenyl -sulfuric acid, 
both of which are excreted in the urine. The formation of these many 
compounds with phenol is a striking example of the many ways a drug 
is acted upon in the body. 

Antiseptic ^ pi ton.-— Phenol possesses the characteristic properties of 
the phenol derivatives; some of its derivatives are superior, however, 
at least for some purposes. It is generally thought that phenols react 
with bacterial proteins to form insoluble albuminates and that their 
disinfectant action is due to their ability to denature proteins. 
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Phenol is poisonous to protozoa, plant cells, spermatozoa, and prac- 
tically all unicellular organisms. It shows, however, no marked specificity 
on any particular species of bacteria, although it destroys delicate 
organisms, such as B, typhoHua, with considerable ease. Tubercle 
bacilli are killed by exposure to 5 per cent phenol for twenty-four 
hours. Phenol is little used today because it kills tissue cells almost 
as readily as it kills bacteria. Furthermore, it is toxic when taken 
internally and hence is unsafe as a general disinfectant for public use. 

Local Action , — Phenol causes coagulation of proteins when brought 
in contact with tissues. A 5 per cent solution will cause tingling and 
warmth in the fingers followed by shrinking of the skin. This action 
is accompanied by mild anesthetic and analgesic action; an action 
made use of in compounding antipruritic lotions or ointments. Solutions 
of phenol, when used as wet dressings, often penetrate and destroy 
f issues. Weak solutions are even more dangerous, for they g^ve no 
danger signal of their destructive action as a stronger solution would. 
Mucous membranes become irritated au<i necrotic when phenol is applied. 

Central Action . — Small doses of phenol produce fleeting analgesic 
and antipyretic actions, followed by pronounced toxic symptoms of 
such a nature that it cannot be used in therapeutics. Large doses 
produce collapse and coma. 

Action on Circulation . — Small doses intravenously cause marked fall 
in blood pressure, caused apparently by cardiac and vasomotor action. 
l.iarge doses slow the heart due to direct cardiac action. When given 
orally the fall of blood pressure is prolonged because of continuous ab- 
sorption. 

Other Actions. — Respiration becomes slow and shallow following 
phenol administration. Temperature falls due to collapse and alteration 
of the heat center. Secretions, especially saliva, sweat, and tears, are 
increased by phenol. 

Toxicology. — Large quantities of phenol are occasionally taken orally 
either by accident, or with suicidal intent. Phenol is readily absorbed 
from wounds and mucous membrane.^, hence poisoning may follow its use 
as a wash for large areas. Orally, phenol causes a burning pain in the 
mouth, pharynx, and stomach. It is quickly absorbed and produces 
immediate collapse with intense and striking cyanosis. In less severe 
cases, rapid pulse, cold perspiration, and the typical picture of shock are 
characteristic. There occasionally occurs twitching of the muscles of 
the face and limbs. Convulsions are rare. Death occurs from respira- 
tory j>araly8is. The fatal dose varies with route of administration. 
Introduction by routes other than the alimentary canal, such as by the 
vaginal route, may require but small quantities to produce death. A 
dose of 1 to 20 grams may cause death in a few minutes or usually in 
Ic.ss than twenty-four hours. 

Post mortem Appearances . — Phenol corrodes the tissues with which it 
comes in contact, producing a white appearance, but after prolonged 
contact, red patches appear. The urine is dark green in prolonged cases. 
The blood is usually dark and fluid ; the brain, liver, and lungs are con- 
gested. 

Treat phenol poisoning by stomach lavage with liquid pietrolatura 
(250 cc.), followed by potassium permanganate. The use of alcohol, 
which is commonly recommended in textbooks, is contraindicated. 
Alcohol dissolves phenol rapidly but ns alcohol is quickly absorbed, 
phenol is carried immediately into the system. 

If stomach tube is not available, inject 0.006 Om. (^o grain) apo- 
morphine hydrochloride. Inject intravenously 1000 cc. of 5 per cent 
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glucose in physiological saline. Provide inhalation of 10 per cent 
^rbon dioxide and 90 per cent oxygen or apply artificial respiration 
if necessary. Wash off surface burns with 95 per cent alcohol. 

Therapeutic Uses. — Phenol is used chiefly as an antiseptic and 
germidde and in ointments or solutions for its anesthetic and anti- 
pruritic action. As a solid, phenol is used in ointments, oily liquids, 
etc., while liquefied phenol is usually used for the preparation of 
solutions. 

Skin Diseases. — Phenol acts as a local anesthetic. In consequence it 
is employed to relieve itching in the treatment of eczema, urticaria, 
dermatitis, etc. Solutions or ointments of from 0.5 to 2 per cent are 
recommended. In treatment of pruritus: 


n 

Phenol 

Menthol afi 1.3 Gm. (gr.xx) 

Petrolatum q.s. ad 30.0 Gra. (5j) 


Mix and stir well. 
Sig.: Apply locally. 

For toothache: 


Phenol 0.70 Gin. {gr.xj> 

Chloroform 12.00 cc. (fSiij) 

Clove Oil q.s. ad 30.00 cc. (fSj) 


M. Sig.: One drop on tooth. 

As Antiseptic and Disinfectant. — Five per cent solutions are used 
for the disinfection of uten.sils, instruments, the hands, etc. Phenol has 
been used as an antiseptic in mouthwashes, gargles, and lotions in 0.5 
to 1 per cent strengths. Injections of approximately 0.5 to 0.8 cc. of a 
10 per cent solution are recommended to abort boils. Phenol, full 
strength, may be used to cauterize chancroids, venereal warts, and ulcers. 
Earache, resulting from congestion of the tympanic membrane, is fre- 
quently relieved by the use of a 3 to 5 per cent solution of phenol 
in glycerin. Inhalations have been advocated in conditions such as 
pulmonary gangrene. It is useless as an antiseptic in stomach fermenta- 
tion. In the treatment of internal hemorrhoids 5 per cent phenol in 
almond oil or compressed cotton.seed oil is a popular and effective 
preparation. Sutton recommends that a saturated solution of sodium 
sulfate, with 0.5 per cent phenol, be used for ivy poisoning. 

Preparations 

Phenol, Phenol, U.S.P., H.P. Oolorles.** crystals or white crystalline 
masses, sometimes becoming reddish with a characteristic odor. 
Liquefied Phenol, Phenol Liquef actum, U.8.P., B.P. Phenol liquefied by 
about 10 per cent of water. 

Phenol Ointment, Unguentum Phenolis, V.H.P. Phenol (2%), glycerin 
(2%) and virhite ointment (96%). (B.P., 3 per cent in oint- 

ment base.) 

Oresols 

Creaols are methyl phenols (CACH.OH) obtained by the introduc- 
tion of alkyl groups into phenol, or manufactured by fractional dis- 
tillation from eoal tar or phenol ''crude carbolic acid.*' They are 
more important than phenol from the standpoint of practical disinfec* 
tion« 
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Pliamiacologlcal Action. — ^The three cresols, ortho-, meta-, para- 
cresol, resemble phenol closely in action, are moderately soluble in 
water (1:50), and readily form emulsions in the presence of soaps or 
alkalies. Of the three isomers, the meta- form is the most antiseptic 
and least toxic, and the para- the most toxic. The introduction of 
the methyl group increases the germicidal efliciency while the toxicity 
is not increased, at least in the same ratio. The symptoms and treat- 
ment of cresol poisoning are as for phenol. 

Another advantage of the cresols over phenol is their lower cost. 
However, they have certain disadvantages, such as a disagreeable odor, 
which is due mainly to impurities, their limited solubility in water, ana 
their variability in composition. The cresols may be rendered soluble 
by the addition of soap. 

The toxicity and local actions of the cresoLs, as of other phenols, 
may be diminished by masking” the active OH group through re- 
placement of the H by acid radicals. Thus, CH,C«H 40 (CHaC 0 ), the 
acetic acid ester of metacresol, CH,C«H 40 H, is said to possess antiseptic 
and analgesic properties, and is apparently free from toxic effects. 

Therapeutic Uses. — Cresol is used in medicine solely for its disin- 
fectant properties. The saponated solution is used almost exclusively. 
It is employed chiefly as a surgical antiseptic^ both for sterilizing instru- 
ments (3-5 per cent Saponated Cresol Solution) and as a wound 
dre.s.sing in 1 per cent concentration. The diluted solution (1-5 per 
cent) is used for the disinfection of the skin, for vaginal douches, 
and for sterilizing and lubricating the hands. 

The acetic acid ester of metacresol, CH|C*H 40 (CH,C 0 ), is recom- 
mended in the treatment of aftections of the nose, throat, and ear, such 
as follicular tonsillitis, nasal suppuration, furunculosis, and purulent 
otitis media. It is said to be non toxic to mucous membranes. Use in 
pure form or in dilution with oils or alcohol by direct application or 
spray. 

Preparations 

Cresol, Cresol, U.S.P,, B.P. A mixture of isomeric cresols obtained from 
coal tar. Dosage: 0,0(5 oc. (1 minim). 

Saponated Cresol Solution, Liquor Cresolis Saponatus, U.S.P. Cresol 
(50%) with vegetable oil, potassium hydroxide and distilled 
water (B.P., solution of cresol with soup). 

Creosote and Ouaiacol 

Creosote, which is obtained from the destructive distillation of 
wood, is a complex mixture composed chiefly of guaiacol and cresoU 
and is used to a limited extent in medicine as an expectorant and genni- 
cide. 

Action and Uses , — Opinions vary as to the germicidal power of creo- 
sote. Its phenol coefficient is approximately 3.6. It is strongly anti- 
septic and antipyretic, and slightly less irritant and toxic than phenol. 

Creosote and guaiacol were extensively employed in tuberculosis and 
chronic bronchitis, with doubtful clinical value. For these purposes 
Creosote, Creosotum, N.P., B.P.; Creosote Carbonate, CreosoH Carhonas, 
N.P. ; and Ouaiacol, Guaiacol, N.P., B.P,, are used. 

Trlnitrophenol 

Trinitrophenol, picric acid, C,Ha(NO,)|.OH, is a yellow, erystaniae, 
odorless substance with a bitter taste. It is sparingly soluble in 
water (1:78) and soluble in alcohol (1:12). 
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Action and Uses . — ^Picric acid is used as a dye, a test and a fixing 
agent, as an explosive, and in medicine as an antiseptic, anthelmintic, 
and for treating hums. It possesses antiseptic, germicide, and local 
anesthetic action. The use of this drug is confined chiefly to the prep- 
aration of wet dressings for the treatment of burns, and to render 
the skin sterile before operations. In the treatment of superficial 
wounds and eczemas, use is made of its anesthetic, antiseptic, 
astringent, and stimulating action. Internally it is highly toxic, pro- 
ducing nausea, vomiting, and diarrhea, and stains the skin and mucous 
membranes a yellow color resembling jaundice. Toxic absorption may 
occur from its application to extensive denuded areas. Treatment 
consists of gastric lavage followed by ingestion of large amounts of 
water to aid elimination. The white of an egg is considered a 
valuable antidote. The stains can be removed with potassium sulfate 
powder. 

PRKIWR.ATION 

Trinitrophenol, Trinitrophenol, X.F., B.P. (Picric Acid). *^Trinitro- 
phenol explodes when heated rapidly or when subjected to per 
cussion. ’ ’ 


M£BCXJBT AND MEBCUBT DEBIVATIVES 

Since the time of the alchemists, mercury has been regarded as a 
drug capable of curing many diseases. Much of the earlier work on 
the antiseptic action of mercury was done on the bichloride of mer- 
cury. It is now recognized that simple mercury compounds are not 
germicidal in the great dilutions previously reported, and under cer- 
tain conditions are not reliable disinfectants ns was once claimed. 
They have a limited germicidal activity on nonsporulating bacteria 
and cannot be relied upon to kill bacterial spores oven after many 
hours' exposure. 

In recent yeans special efforts have been made to develop com- 
pounds which would retain the germicidal and antiseptic powers of 
mercury and, at the same time, be relatively nontoxic and non- 
irritative. Solutions of compounds of mercury with dyes or other 
organic radicals have been developed for the treatment of bacterial 
infections. In general they are highly bactericidal and are less toxic 
and less irritating than the chlorides, iodide.s, and cyanides of mer 
cury, but it has not been conclusively demonstrated that they are 
effective against bacterial spores. Some have an ability to penetrate 
to some depth into living tis.sues and to act as fairly efficient chemo- 
therapeutic agents; the extent of this action has not been definitely 
established. 

Pbannacological Action. — The importance of mercury rests on its 
germicidal, antiseptic, diuretic, anti.syphilitic, and cathartic actions. 

Absorption and Excretion . — Mercury is slowly absorbed from the 
skin by way of the hair follicles and sebaceous glands. It may be ab- 
sorbed when in vapor form by the lungs, and from the intestines when 
a soluble salt is ingesteiJ. Mercury, by whatever route introduced, is 
taken up by leucocytes and transported to various organs, principally the 
liver, intestines, and kidneys. 

Mercury is slowly but largely excreted in the feces and urine, each 
eliminating about an equal amount. The salt is also excreted by the 
salivary glands, by the stomach, and by the liver and colon. A con- 
siderable amount of mercury is stored ifi the bones, liver, kidneys, and 
muscles, and is slowly excreted over a period of several months. 
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Local Action . — Local action is dependent on the concentration of mer- 
cury ions and on the precipitant effects on proteins. Mercury produces 
effects which depend upon its property of combining witn proteins 
to form albuminates. This union destroys the life of the cells or 
tissues. The albuminate of mercury is soluble in an excess of protein, a 
property which favors deep penetration and corrosive action. Wet 
dressings in concentrations of 1 to 2 per cent may cause dermatitis, while 
solutions of mercury bichloride may cause inflammation, vesicles, and 
even necrosis if the skin happens to be broken. 

Local irritant action is most pronounced with mercuric chloride. In- 
tramuscular injections cause severe pain and sometimes local necrosis. 
On the skin concentrations of 1 to 5 per cent produce irritation, vesi- 
cation, and corrosion; sensitive skin may be inflamed by the more dilute 
surgical solutions. The formation of double salts of mercury, such as 
potassium mercuric iodide, greatly decreases its local irritation. How- 
ever, its systemic action is about the same as for mercuric chloride, on 
the basis of mercury content. 

Antiseptic Action . — Mercuric chloride is a powerful antiseptic, espe- 
cially in the absence of proteins or other substances which may 
precipitate the mercury. The growth of microorganisms is inhibited 
by a 1:300,000 dilution, nonspore-formers by a 1:20,000 dilution, and 
anthrax bacilli by 1:1.000 dilution. Anything which unites with mercury 
will limit its antiseptic power by limiting its penetration and by de- 
creasing the available mercury. Mercury may be used to disinfect the 
hands at a concentration of 1:1,000. It rapidly corrodes metallic in- 
struments, which limits its usefulness for sterilizing purposes. 

Antisyphilitic Action and Uses . — Hoc Chapter IX, Antisyphilitic 
Drugs. 

Action on the Intestines . — Mercury compounds produce intestinal ir- 
ritation and sub.«<e(|uent catharsis. Hee ('hapter VI, Cathartics. 

Diun tic Action and Uses . — Moderate doses of mercury cause marked 
iliiircsi.s, e.spe<’ially in ca.ses in which large accumulations of fluids are 
present. Large d(»sc8 of mercury cause severe irritation of the kid- 
neys, with symptom.s of nephritis and even anuria. Calomel acts as a 
diuretic in the early .stages, usually before cathartic action occurs. See 
Chapter XVII, Diuretics, 

Action on the Nervous System . — The action of mercury on the nervous 
system is obscure. In acute poisoning the intellect remains clear, and 
no symptoms of poisoning, as a rule, are manifested, while in chronic 
poisoning there are symptoms of paralysis, tremors, insanity, and 
erethism. The tremor.s and erethism are due to the action on the 
higher centers. The general weakness is due not only to peripheral 
muscle and nerve pathology but also to changes in the higher centers. 

.Jetton on Circulation . — Toxic doses of mercury depress the heart 
muscle and vascular tone. When injected subcutaneously, large amounts 
of mercuric chloride cause a gradual fall in blood pressure; when in- 
jected intravenously a more sudden fall occurs. Large doses of organic 
arscuicals (salyrgan, merbaplien) cause rise in blood pressure. The 
rise in blood pressure and the volume changes in the other organs 
indicate a direct action on the blood vessels; marked cardiac irregularities 
and even ventricular Abrillation may follow such doses (D. E. Jackson, 
192G). 

Blood. — I.*arge doses of mercury cause a reduction in the number of 
red blood corpuscles, while small doses prevent their destruction. Small 
doses of mercury not only cause an arrest of the destruction of corpuscles 
due to syphilis, but actually cause an increase up to normal. Large 
doses produce an opposite effect. 
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Toxicology. — ^Mercury poisoning deserves careful consideration. The 
majority of poisoning cases due to mercury are suicidal. When taken 
with suicidal intent it is practically always ingested in the form of the 
bichloride salt. Poisoning may occur following use of mercury in the 
vagina for the prevention of conception. Many cases have occurred 
following accidental ingestion of a tablet of mercury. 

Incidence. — The fashion or vogue*’ in suicide changes with the 
years. Carbolic acid was once quite popular but gave way to opium 
derivatives. Then, and especially from 1920 to 1930, bichloride poison- 
ing became very frequent. From 1930 to the present mercury poisonings 
have been slightly less frequent, whereas poisoning due to barbiturates, 
potassium cyanide, and lysol have been more common. 

A. Acute Poisoning. — Symptoms. — The symptoms of mercury poison- 
ing are associated with damage to (1) the circulatory system, (2) cor- 
rosive action on the digestive tract, and (3) its effects on the kidneys. 

Circulatory System. — Shock may appear early after poisoning, or it 
may be seen late in the course of an ulcero-hemorrhagic colitis. Typical 
symptoms of pallor, weak and rapid pulse, low blood pressure, sub- 
normal temperature, syncope, and collapse are present. 

Oastrointestindl Tract. — The initial symptoms may be vomiting and 
retching which frequently occur during the first five to fifteen minutes. 
Usually soon after ingestion the patients complain of burning, metallic 
taste, thirst, soreness in pharynx, and soon abdominal pain. Marked 
swelling of the membranes may occur. Vomiting may be bloody, ac- 
companied by severe purging with liquid and later bloody stools. Rectal 
pain and tenesmus are often present. 

Kidneys. — Very mild cases may show no demonstrable kidney pa- 
thology. In more severe cases, however, oliguria followed by anuria 
may set in within one to three days. In cases going on to suppression, 
the urine shows marked albuminuria, and hematuria. With the ap- 
pearance of oliguria — and certainly after anuria — the nitrogenous ele- 
ments in the blood quickly rise. A fatal case may have blood urea in 
the hundreds of milligrams, with a corresponding high creatinine. 

Uremia contributes its element of nausea and vomiting, and there 
may be drowsiness, hiccup, twitching of the muscles and, finally coma. 
There is rarely a rise in blood pressure and, despite the anemia, edema 
does not occur. 

Prognosis. — ^Prognosis should be guarded. However, if 5 grains or 
less of the drug are taken, the outcome almost certainly will be good. If 
the emesis interval is known to be less than thirty minutes, the prognosis 
is usually good. But vomiting after mercury ingestion may incom- 
plete and ineffectual. Hence the length of time until actual therapeutic 
lavage is of prime importance. A marked leucocytosis of 20,000 or 
more almost always proves serious. Uremia is usually a serious S3rmp- 
tom, but occasional recoveries occur after a long suppression. If the 
nonprotein nitrogen continues to increase after the fourth day, the prog- 
nosis is very grave. If the nonprotein nitrogen goes down after the 
seventh day, the patient may recover. 

Treatment. — Emergency Treatment: This is very important. In- 
structions over the telephone may be lifesaving even if only partially 
carried out. Instructions: Administer 1 pint of milk (skim milk is 
preferred as fats aid mercu^ absorption). If no milk is available 
administer 1 pint of water. Follow milk or water by ingestion of two 
or three whole raw eggs. Next induce vomiting vnth lukewarm salt 
water, mustard water, etc. On arrival of physician repeat above treat- 
ment up to emesis. Then give a gastric lavage. 
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Treat the rare phenomena of shock by the application of hot blankets 
and inject 0.1 cc. of cor§Lmine subcutaneously. Morphine may be 
indicated later. Plasma transfusions may be indicated. 

Remember that the patient may still ^ bent on self destruction and 
may deny taking the poison or may attempt further harm to himself. 
Therefore do not leave patient unattended. 

BAL . — ^After repeated gastric lavage and emesis, injection of BAL 
(2,3-dimercaptopropanol) should be given. The dose recommended is 1.2 
cc. of 10 per cent solution per 100 pounds of weight, given intramuscu- 
larly four times daily for two days and diminished thereafter. Best 
results are to be expected if treatment is begun within three or four 
hours. Delayed treatment with BAL still may be of value. 

Longscope, et al. (1946) at the Johns Hopkins Hospital recommended 
that BAL be given in an initial intramuscular injection of 300 mg. 
followed within the first twelve hours by two or even three injections 
of 150 mg. each. He found the mortality rate to be 4 per cent com- 
pared to 12.9 per cent before BAL treatment was introduced. The 
total experiences with BAL in mercury poisoning are so limited that 
categoric statements may not be made. Any further treatment should 
be on a symptomatic basis. 

Sodium thiosulfate (1 Gm. in 10 cc. of aqueous solution) in- 
travenously, once or twice daily, has been recommended. Its use has 
been based on the theory that it effects the conversion of the poison 
into the harmless mercury sulfide. Rosenthal (1935) recommends the 
use of a gastric lavage containing 5 per cent solution of sodium 
formaldehyde sulfoxylate, leaving 200 cc. in the stomach; this is fol- 
lowed immediately by intravenous administration of 10 grams in 100 to 
200 cc. of water. This drug acts by reducing the mercuric chloride 
to mercurous compounds. 

Colon irrigation, twice daily for a few days, and gastric lavage twice 
daily, may serve to remove any mercury still remaining in the lower 
bowel. Lambert and Patterson recommend daily sweats in hot packs, 
but this is contraindicated if the circulation is poor. 

Further Therapy , — Hospitalization is usually indicated. Only here 
can proper study and treatment be administered. Immediate and inten- 
sive efforts to prevent further absorption of re-excreted mercury should . 
be instituted. In addition, force large quanities of alkaline drinks and 
parenteral fluids in order to dilute toxins and promote their elimination 
by all possible channels. Add to these general measures, frequent 
routine checks of the blood for hypochloremia and acidosis. 

Routine Treatment: 

Fluids by Mouth , — Administer 8 ounces of the following every four 
hours. 

B 

Potassium Bitartrate 4 Gm. 

Sugar 4 Gm, 

Lactose 15 Gm. 

Lemon Juice 30 cc. 

Water q.s. ad 500 cc. 

Alternate with this drink 8 ounces of milk every four hours. Urge 
these drinks even in cases of vomiting. 

Oastfie Lava^s.-^Perform gently with warm water until several wash- 
ings remain negative for mercury. A mild soda solution may be used. 

B. Subacute Poisoning, — ^This condition may develop from the ad- 
ministration of mercury as a purgative or from its use in syphilis. It is 
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duo to an accumulation of mercury in the body caused by slower 
elimination than absorption. The usual symptoms are fetid breath, bad 
taste, swollen gums, and salivation. Abdominal pain, purging, and 
bloody stools often occur. Treat by stopping the administration of 
mercury and by giving opiates and demulcents. For hygiene of the 
oral cavity, a mouthwash containing potassium chlorate is recommended. 

To prevent or relieve excessive salivation; 

Potassium chlorate 10.00 Gra. (Siiss) 

Tannic acid 0.25 Gm. (gr.iv) 

Distilled water q.s. ad 300.00 cc. (fSx) 

M. Sig.: Use as mouthwash. 

O. Chronic Poisoning. — Workers exposed to mercury vapor, such as 
miners and mirror makers, may develop chronic mercury poisoning. 
The condition may follow the continued use of the drug as in the treat- 
ment of syphilis. The usual symptoms are anorexia, loss of weight, 
anemia, diarrhea, muscular weakness and peripheral neuritis. Stomatitis, 
fetid breath, and the development of a blue line near the teeth are com- 
mon symptoms. Cachexia and necro.si.** of the jaw may be associated 
with the chronic type of poisoning. 

The blood picture is not specific, but there is a decrease in red cells 
and the mononuclears are increased. Nervous symptoms, such as 
polyneuritis, are often present. The higher centers may be affected, 
characterized by nervousness and apprehension. There may be a 
slight twitching of the facial muscles and a fine tremor of the fingers. 
Delicate movements become impossible, whereas coarse work may be 
conducted quite normally. 

Therapy. — In chronic poisoning the dermatitis may soon disappear 
after removal of patient from the source of the poisoning. Astringents 
may be used for stomatitis. A satisfactory diet and hygienic regime 
for the patient must be established. If tremor is present, alternate 
galvanic and faradic stimulation may be indicated. The use of sodium 
thiosulfate may be of value, gr. 15 (1 Gm.) in 10 cc. of sterile water 
intravenously every other day for a short time. 

Fatal Dose. — Three grains of mercury by ingestion have been re- 
ported as fatal. Such instances are rare. On the other hand, huge doses 
have been taken with recovery, but again such cases are exceptional. Cer- 
tain factors besides the actual dosage plays an important role. The same 
dose in solution has proved much more fatal than ingestion of tablets 
as such. Furthermore the ingestion of the drug on an empty stomach 
is more serious than when taken after a full meal. The prior ingestion 
of alcohol usually cau.ses a higher fatality rate. 

Any given dose of mercury may often prove fatal or nonfatal, depend- 
ing entirely on the emesis interval. Usually the fatality period is 
directly proportional to the length of the emesis interval. 

Fatal Period. — Death has occurred within half an hour after inges- 
tion of mercury, but such cases are mre. Fatalities may occur within a 
few hours due to shock. Of the fatal uremic cases, many patients die 
within five days, but occasionally they may live for weeks. 

Pathology. — Ingested mercury produces local inflammatory changes 
wherever it contacts the mucous membrane. Lesions may extend part 
way down the gastrointestinal tract or the entire distance. Absorption 
of the drug is of greater import, as it is rapidly taken up from the 
stomach and intestine and passes into the circulation. From here it is 
re-excreted into the alimentary canal, especially to the stomach and 
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colon. Rather large quantities of mercury may pass through the liver 
into the bile and thus cause additional injury. 

By far the greatest damage is to the kidneys. This damage may occur 
experimentally in animals five minutes after the introduction of mercury 
into the stomach. Thus any therapy may not be of much value. Finally, 
the combination of persistent vomiting and diarrhea plus nephrosis in> 
duces a definite lowering of blood chlorides as well as occasionally 
causing acidosis — all facts to remember in therapy. 

Postmortem Changes. — The essential postmortem changes are those 
of damage to the alimentary tract and to the kidneys. All degrees of 
gingivitis, glossitis, pharyngitis, gastritis, colitis are seen. Lesions may 
vary from hyperemie or hemorrhagic, to gangrenous. The kidneys 
present a typical nephrosis with swelling and necrosis of the tubular 
epithelium. The liver may show fatty and parenchymatous degenera- 
tion, and the myocardium may also show similar changes. 

Therapeutic Uses. — Administration of Mercury. — Care should be 
exercised that toxic compounds are not formed. Particular considera- 
tion should be given to this when the patient is taking iodides. Be- 
fore beginning the use of mercury the teeth should be examined and 
cared for. Frequent urine analyses should be taken throughout the 
course of its use. 

Skin Diseases. — Ointment of Ammoninted Mercury, the most 
irritating of the official ointments, is employed in the treatment of 
chronic eczema, impetigo, psoriasis, and in head and body louse and 
crab louse infections. Tlie solution of acid nitrate of mercury, which 
is very caustic and penetrating, is used sometimes for the destruction 
of syphilitic sores, lupus, condyloma, warts, and like conditions. Yellow 
Oxide of Mercury has been used with advantage in eczema, seborrheic 
dermatitis, acne, and erythematous pruritus of the anus. The red oxide 
and the oleate of mercury are of value in parasitic skin diseases and 
ulcerative processes, such as often accompany venereal disorders. 

For psoriasis: 

B 

Ammoniated Mercury 

Petrolatum 

Mix. 

Sig.: Apply twice daily. 

For eczema: 

B 

Ammoniated Mercury 

Zinc Oxide 

Starch 

Petrolatum 

Mi.x. 

Sig.: Apply ns directed. 

For crab louse infection: 

B 

Ammoniated Mercury — 

Lanolin 

Petrolatum q.s 

M. Sig.: Apply ns directed. 


6.00 Gm. (Siss) 

30.00 Gm. (5j) 

60.00 Qm. (Sij) 


0.30-1.30 Gm. (gr.v-xx) 

an 15.00 Gm. (3iv) 
30.00 Gm. (Sj) 


O.GO-C.OO Gm. (gr.x-3iss) 
60.00 Gm. (5ij) 
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Preparations 

Mercury Oleate, Oleatum Hydrargyri, U.S.P, Contains about 25 per 
cent mercuric oxide and a small amount of uncombined Oleic 
acid. Caution. Oleate of mercury must not be dispensed if 
globules of mercury have separated. Uses: In the preparation 
of strong mercurial ointment. 

Strong Mercurial Ointment, Unguentum Hydrargyri Forte, U.S.P. 
(Mercurial Ointment). Metallic mercury (about 50 per cent) 
and oleate of mercury (4 per cent) with wool fat, white wax, and 
white petrolatum. Uses: to secure the systemic effect of mer- 
cury by inunction. 

Mild Mercurial Ointment, Unguentum Hydrargyri Mite, U.S.P. Con- 
tains about 10 per cent mercury. Strong mercurial ointment 20 
per cent with white ointment 80 per cent. Uses: Locally against 
pediculosis but may be irritant to the skin. 

Ammoniated Mercury Ointment, Unguentum Hydrargyri Ammoniati, 
U.S.P. Ammoniated mercury (5 per cent) in white ointment. 

For Antisyphilitic, Cathartic, and Diuretic Uses of Mircury^ See 
Index. 

Antiseptic Use. — The antiseptic action of the simple compounds 
of mercury depends upon the concentration of the mercuric ion in 
solution, their precipitant action on protein, and their affinity for 
the protein under the conditions used. The use of simple mercury 
compounds is limited by their toxic action on man and animals, their 
irritant and toxic action on tissues, their corrosive action on metals, 
and their tendency to precipitate proteins. 

Mercury compounds commonly used for disinfectant and antiseptic 
purposes include mercury bichloride, ammoniated mercury, mercuric 
cyanide, potassium mercuric iodide, phenylmercuric compounds, mer- 
bromin (mercurochrome), merthiolate, and nitromersol (metaphen). 

Mercury Bichloride 

Mercury bichloride, corrosive sublimate, HgCl„ is a heavy white 
powder, soluble in water (1:13.5), alcohol (1:3.8). It is nearly uni- 
versally incompatible. 

Fhaimacologlcal Action. — The action of mercury, as well as that 
of many other heavy metals, is a complex process, and appears to 
take place as follows: The metal is first adsorbed upon the surface 
of the bacteria, then it penetrates and kills the bacteria. The absorp- 
tion takes some time. Any other substance that can absorb mercury, 
such as proteins, serums, etc., will prevent mercury from acting 
effectively on bacteria. The disinfecting action of mercury is pro- 
portional to the amount of ionized mercury present. Mercury com- 
bines with protein material to form a precipitate which is soluble 
in albumin and sodium chloride solutions. In order to prevent pre- 
cipitation of mercury proteinate and to decrease irritation, it is 
customary to add an equal quantity of sodium chloride or ammonium 
chloride as is done in commercial bichloride tablets. 

The practical usefulness of mercury bichloride is limited by the fol- 
lowing factors: (1) interference of organic matter, hence poor pene- 
tration, (2) local and systemic toxicity, and (3) its action in low 
concentrations is very slow. 

Theiapeatle Uses* — Mercury bichloride is used as an antiseptic and 
germicide; also as a specifle antisyphilitic agent. For many years a 
1:1,000 solution has been used for such purposes as disinfecting mucous 
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membranes and wounds and for sterilizing the hands of the surgeon. 
Concentrations of 1:20,000 to 1:2,000 must be used with caution. A 
1 per cent alcoholic solution is indicated for conjwictival ulcers* A 
1:2,000 solution in solution of hydrogen peroxide is still recommended 
as a mouthwash in Vincent's and other infections of the mouth. Its use 
in the irrigation of large serous or mucous surfaces should be dis- 
couraged, as serious poisoning may result. Deaths have resulted from 
application to the digestive tract, vagina, and broken skin. A dilution 
of 1:50,000 kills some bacteria and a 1:100,000 solution is antiseptic. 
Most spores are killed by a 1 : 500 solution. 


Preparations 

Mercury Bichloride, Hydrargyri Bichloridum, N.F. Heavy, colorless 
crystals, crystalline masses or white powder, odorless and with 
a characteristic metallic taste. Dosage: 4 mg. (^5 grain) in 
solution or pills. Hydrargyri Perchloridum, B.P., 0.002-0.004 Gm. 
(%2 M6 gr*)' 

Mercury Bichloride Large Poison Tablets, Toxitaoellae Hydrargyr% 
Bichloridi Magnae, N.F. Each tablet contains about 0.5 Gm. 
(8 grains) of mercury bichloride. 

Mercury Bichloride Small Poison Tablets, Toxitahellae Hydrargyri Bi- 
chloridi Parvae, N.F. Each tablet contains about 0.125 Gm. 
(2 grains) of mercury bichloride. 


Ammoniated Mercury 

Ammouiated mercury is a white powder containing about 80 per cent 
of mercury in the form of HgNH,Cl. It is insoluble in water or alcohol. 
Ammoniated Mercury Ointment, White Precipate Ointment, is commonly 
employed in medicine. The ointment consists of Ammoniated Mercury 
(5%) in white ointment (white petrolatum 90%, wool fat 5%, and 
white wax 5%). 

Action and Uses. — Ammoniated mercury is an antiseptic, a parasit- 
icide, a mild stimulant, and an antiseborrheic. It stimulates healthy 
inflammatory reaction in psoriasis. It is a favorite ingredient of 
freckle removers and bleach creams, alone or in combination with 
salicylic acid. 

The 5 per cent ointment is useful in treating boils, furuncles, ring- 
worm, etc. It is used in 5 per cent strength for suppurating dermatoses; 
2 to 3 per cent for seborrhea; 10 per cent ointment for crab louse in- 
fection. In the treatment of pinworms 2 per cent of ammoniated 
mercury in equal parts of lanolin and petrolatum may be applied to the 
anal region and perineum, Ammoniated mercury is an excellent anti- 
pruritic remedy in pruritus ani. 

n 

Ammoniated Mercury 2.4 Gm. (gr.xl) 

Lanolin 60.0 Gm. (lij) 

Petrolatum q.s. ad 120.0 Gm. (8iv) 

Mix and make an ointment. 

Sig.: Apply to itching area. 

Ammoniated Mercury Ointment may be used in the ofllcial strength 
on coccigenic impetigo or psoriasis. It is the ointment of choice in the 
treatment of psoriasis of the scalp. Salicylic acid in strengths of 2 to 
5 per cent may be added to facilitate the removal of scales. In full 
strength Ammoniated Mercury Ointment is an excellent prepara- 
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tion to use on a dressing for furuncles and sycosis of the neck. It 
may be diluted with four parts of Baro (borated cold cream — boric 
acid 5 parts, ointment of rose water 95%) for use on very young in- 
fants. 

Preparations 

Ammoniated Mercury, Hydrargyrum Ammoniatuniy U.H.P., B.P. (White 
Precipitate). 

Ammoniated Mercury Ointment, Unguentiim Ilydrargyri Ammoniaiiy 
U.S.P. Ammoniated Alercury (5%) in white ointment, B.P., 5 
per cent ammoniated menmry. 

Mercuric Cyanide 

Mercuric cyanide, IlgCCN)* (N.F.), the mercuric salt of hydrocyanic 
acid has been reported to be k‘ss irritating than mercuric chloride and 
equally as antiseptic. It is used in a similar manner to mercuric 
chloride. 

Locally, solutions of from 1:4,000 to 1:2,000 may be used for ap- 
plications to the eye or mucous membranes; from 25 to 35 minims of 
a 1 per cent solution may be used hypodermically without untoward 
reactions. A 0.01 per cent solution has been used as a gargle in diph- 
theria and croup. 

Potassium Mercuric Iodide 

This complex salt, KjHgl^, is formed by the interaction of one mole- 
cule of mercuric iodide with two molecules of potassium iodide. It is 
indicated for the same purposes as mercuric iodide, but has the ad- 
vantage of being more soluble. It is about onc-half as toxic as mercuric 
chloride on the weight basis. 

Externally, potassium mercuric iodide is used for skin infection, ir- 
rigations, and for disinfection of instruments. It is used as a disin- 
fectant in concentrations of 1:100 to 1:10,000. For wound irrigation 
make up solutions using 0.9 per cent sodium chloride. 

Solutions are made by dissolving the salt in water containing an ex- 
cess of potassium iodide equivalent to about 20 per cent by weight of 
the amount of potassium mercuric iodide used. The potassium iodide 
tends to prevent decomposition and precipitation of mercuric iodide. 
Another method of preparing potassium mercuric iodide is to dissolve 
1 part by weight of mercuric iodide and 1 part by weight of potassium 
iodide in water and dilute as desired; such a solution contains the 
proper excess of potassium iodide. 

Phenylmercuric Compounds 

Phenylmercuric compounds possess effective bacteriostatic and bac- 
tericidal activity against certain pathogenic microorganisms. The 
activity of these compounds is primarily attributable to the phenyl- 
mercuric ion. In general, phenylmercuric salts are highly ionized in 
solution to provide phenylmercuric ions (CJIttllg)"^. (’hloridoa, bromides, 
and soaps precipitate the phenylmercuric salt in solutions of acid, 
neutral or slightly alkaline reaction. The chloride and bromide are quite 
insoluble; for this reason the more soluble basic phenylmercuric nitrate 
and other salts are preferred. 

Aqueous solutions containing phenylmercuric ions buffered with in- 
organic or organic acids, are fairly stable. Buffering also makes the 
preparation less irritating to tissues, noncorrosive to metals and rubber. 
The stability is relatively good in organic solvents. Solutions of phenyl* 
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mercuric salts, however, slowly develop increasing amounts of mercuric 
and mercurous ions or free mercury, as the result of gradual decom- 
position of phenylmercuric ions. 

These compounds possess a comparatively high germicidal and inhibi- 
tory action against a variety of pathogenic microorganisms and are 
relatively nontoxic to human tissue. They may, however, produce 
irritation or poisoning in occasional individuals with undue sensitivity. 
The toxicity is directly proportional to the concentration of phenyl- 
mercuric ions. 

Like other organic mercurial antiseptics the phenylmercuric com- 
pounds do not kill bacterial spores even after several hours' exposure. 
The presence of buffered solutions of phenylmercuric salts does not 
interfere with the precipitin reaction of human serum, the action of com- 
pliment, the action of pepsin or trypsin, or the antigenic power of 
vaccine; serum proteins are not precipitated and blood is not hemolyzed. 

Merphenyl Nitrate (Basic), CeHoHgNOaCeHiHgOH, is recognized 
for external use as an ointment or in solution for disinfection of the 
skin, abrasions, lacerations, wounds, and infections. 

Aqueous buffered solutions (1:1,500) may be used for prophylactic 
disinfection of the skin and minor lesions: Dilute above ten to fifteen 
times for application to mucous membranes. A 1:24,000 dilution plus 
0.5 per cent sodium chloride is indicated for uf«e as a wet dressing. 
For minor injuries a 1:1,500 oxycholesterin base ointment is recom- 
mended. 

Phenylmercuric Picrate, C,H,HgOCaHa(NO,)„ in the form of a 
tincture may be used as a prophylactic disinfectant in the preoperative 
preparation of the intact skin and for recent abrasions, lacerations, and 
wounds. The tincture consists of phenylmercuric picrate 0.5 per cent, 
picric acid 1.2 per cent, acetone 10 per cent, alcohol 50 per cent, water 
38.3 per cent. For prophylactic preoperative skin preparations, disinfec- 
tion of tissue injuries, and superficial infections use full strength tinc- 
ture; for wet dressings and continual irrigation dilute the 1:200 tinc- 
ture approximately seventy-five times. To prevent tincture concentra- 
tion add about 0.5 per cent sodium chloride to diluted solution. 

Merphenyl Borate, CeH.HgBOj.H^O, is recognized for use in the 
tincture form as an antiseptic for disinfection of the skin, superficial 
injuries, and wounds. The tincture consists of phenylmercuric borate 
0.2 per cent, boric acid 1 per cent, acetone 4.0 per cent, alcohol 43.2 
per cent, water 50 per cent, sodium acid phosphate 1 per cent. The 
tincture may be applied full strength to skin and superficial wounds. 
On mucous membranes dilute the tincture about forty-five times with 
water. When used for wet dressing add to diluted solution 0.5 per cent 
sodium chloride. 

Merbromin (Mercurochrome) 

Merbromin, N.F., Mercurochrome (220-8oluble), is the disodium .salt 
of dibromohydroxymenturifluorescein. It is stable, freely soluble in 
water and soluble in alcohol and contains 24 to 26 per cent mercury. 
Being an organic compound of mercury with the dye molecule (fluo- 
rescein), it is less irritating than ordinary mercury salts and does not 
precipitate proteins. 

Phamiacologlcal Action. — Merbromin is a nonirritating moder- 
ately active antiseptic which penetrates significantly only into dying or 
dead tissue. A 2 per cent aqueous solution of Merbromin acts 
more slowly than Iodine Tincture, ILS.P., but has more prolonged 
baeteriostatie effect. The drug is well tolerated in a strength of 1 per 
cent by the bladder and urethra, and a 2 per cent solution may be 
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used in the anterior urethra. No systemic effects have been observed 
following its local application in human beings. The aqueous-alcohol- 
acetone solution called Surgical Merbromin Solution is more active 
than the aqueous solution and is indicated for preoperative skin 
disinfection. 

Therapeutic Uses. — In 1 to 5 per cent solutions, it may be used 
as an antiseptic on mucous membranes and the skin. A 2 per cent 
solution is advertised ns a first aid antiseptic ; as such, it is apparently 
just below tincture of iodine as a surface antiseptic. A 2 per cent 
solution is a safe colly rium for infection of the conjunctiva or for 
comeal ulcer. A 1 to 2 per cent solution has been recommended as a 
genitcwrinary antiseptic. The intravenous use may be followed by severe 
toxic symptoms. Solutions are self -sterilizing and should not be boiled. 
Stains may be removed by application of sodium h 3 rpochlorite solution. 

Merbromin Solution, N.F., a 2 per cent solution in water; Surgical 
Merbromin Solution, N.F., a 2 per cent solution in water (35%), 
acetone (10%) and alcohol are available. 

Merthiolate 

Merthiolate, sodium ethylmercurithiosalicylate, N.N.R., is crystal- 
line, stable in air, soluble in water (1:1^ and in alcohol (1:8). It 
contains 49.15 to 49.65 per cent mercury in organic combination. 

Merthiolate is an effective germicide of low toxicity which is free 
from any tendency to coagulate proteins. It is useful for disinfecting 
tissue surfaces. 

It is useful for disinfection of instruments in 1:1,000 aqueous solu- 
tion; for skin disinfection, tincture 1:1,000; for application to wounds, 
aqueous solutions 1:1,000; for ophthalmological use, aqueous solution, 
from 1:10,000 to 1:5,000; for urethral irrigations, 1:30,000 to 1:5,000 
aqueous solutions. 

Nitromersol (Metaphen) 

Nitromersol, N.F., Metaphen, the anhydride of 4-nitro-3-hydroxy- 
mercuriorthocresol, contains 57 per cent mercury in organic combination. 
It is a yellow powder, insoluble in water, very slightly soluble in acetone, 
and soluble in alcohol. It is used only in the form of the sodium salt. 
Various preparations such as ointments, tinctures, and solutions are 
available. 

Actian and Uses. — Nitromersol is a germicide said to be stronger than 
mercuric chloride, Merbromin, and other organic mercury compounds, 
and 500 times stronger than phenol. It is relatively nonirritat- 
ing to skin and mucous membranes, nontoxic, and precipitates 
albumin slightly. Alcoholic solutions do not corrode metallic instru- 
ments. 

Solutions of Nitromersol in water are prepared with the aid of sodium 
hydroxide. For disinfection of instruments solutions of 1:5,000 to 
1:1,000 are recommended; for skin disinfection solutions of 1:5,000 to 
1:1,000; for eye and urethral irrigation solutions of 1:5,000 to 1:10,000 
are suggested. 

SILVER COMPOUNDS 

Silver preparations are used in medicine to secure caustic, astringent, 
and antiseptic effects. There are various classes of silver preparations, 
the most important of which are: Simple silver salts (silver nitrate) 
and colloidal silver preparations (colloid silver iodide compound, silver 
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protein compounds). The antiseptic action and the irritant properties 
of silver preparations are due chiefly to two factors, namely, the presence 
of free silver ions and the mode of administration. 

Silver Nitrate 

Silver nitrate is a colorless, odorless, crystalline salt soluble in 
water (1:0.4) and in alcohol (1:25). It is incompatible with haloids, 
hydroxides, carbonates, organic drugs, and reducing agents. 

Pharmacological Action. — When caustic effects are desired, silver 
nitrate is the silver compound of choice, because the colloidal silver 
compounds are comparatively free of caustic properties. 

As an astringent, also, silver nitrate is the compound of choice, but it 
must be used in weaker solutions. The antiseptic action of silver nitrate 
is complicated by irritation, pain, astringency, and corrosion. Simple 
silver salts are usually indicated in the treatment of indolent wounds 
and for the destruction of tissue. 

Mode of Action. — The antiseptic powers of simple silver salts, such 
as silver nitrate, are due to silver ions and may be divided into three 
phases : 

1. Immediate germicide and irritant action. 

2. The oligodynamic’^ action of finely divided silver resulting from 
the reduction of the silver ions. The oligodynamic action of metals is 
defined as the catalytic formation of hydrogen peroxide due to the 
presence of small amounts of metallic ions. 

.3. The antiseptic action produced by the re solution of the silver 
protein compounds formed. 

Toxicology. — Longcontinued use of any of the silver compounds 
results in argyria, a condition which is due to the deposition of silver 
particles in the skin. The symptoms of poisoning are pain in the throat 
and stomach, vomiting and purging of a black material, coma, and 
respiratory collapse. The lips, which at first may be a gpray white, later 
become black. 

The fatal dose varies from 2 to 15 grams. Post-mortem findings are 
those of local caustic action and stains on the mucous membranes of 
the esophagus and gastrointestinal tract. The gastric contents and the 
parenchymatous organs are used for toxicological examination. Treat- 
ment: Lavage of the stomach with dilute sodium chloride; follow with 
demulcents. 

Therapeutic Uses. — Silver nitrate is used little internally; however, 
it has been recommended to reduce the gastric secretion in hyper- 
chlorhydria. In solutions of 2 to 5 per cent, it may be used to cauterize 
indolent ulcers, chancres, and mucous patches, followed by a solution of 
sodium chloride to remove the excess silver. For general antiseptic 
and astringent action an aqueous solution varying from 1:10,000 to 
1:1,000 is recommended. A drop of fresh 1 per cent solution 
instilled into the eyes of newly born infants is effective as a 
prophylactic against gonorrheal ophthalmia neonatorum. After three 
minutes the eyes are irrigated with physiological saline. Solutions of 
2 to 10 per cent are recommended for pharyngeal and laryngeal condi- 
tions; solutions of 1:10,000 to 1:2,000 are used for bladder irrigation. 
Argyria may follow prolonged use of all silver compounds. 

Silver Plcrate 

Silver picrate, C«Hs(OAg) (NO,), + H,0 (N.N.R.), is an ionizable 
silver salt which combines the antiseptic properties of both the silver and 
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picrate ions. It is a yellow crystalline compound sparingly soluble in 
aqueous and organic solvents. 

Silver picrate is useful in the treatment of urethritis and infection of 
Bartholin’s and Skene’s glands by Trichonomas vaginalis, and Monilia 
albicans vaginitis. It is recommended that 5 Gm. of a compound powder 
(1 part silver picrate : 99 parts kaolin) be applied to the vaginal wall 
by insufflation. Supplementary treatment with silver picrate supposi- 
tories has been recommended. There is danger from argyria or renal 
damage if silver picrate is used over long periods of time. It is there- 
fore necessary to watch the skin for signs of argyria, and the urine for 
albumin and casts. 


Colloidal Silver Preparations 

In the silver preparations of this class, the silver does not exist to 
any great extent as free ions; therefore it does not precipitate 
chlorides or proteins, and is nonirritant and noncorrosive. The anti- 
septic action is due to the liberation of a very low concentration 
of silver ions, which vary for the different compounds. 

Mode of Action. — The mechanism of action is analogous to the late 
action of silver nitrate by re-solution of the protein silver compounds. 

The colloidal silver compounds may have advantages over silver nitrate 
solutions by being nonirritant, and by their lack of protein precipitation 
which facilitates access of antiseptic to the cells. These solutions form 
more concentrated solutions than are likely to be formed from the re- 
solution of the silver precipitates. Furthermore, the colloidal particles 
may be smaller and therefore more reactive. 

Phannacological Action. — Colloidal silver preparations are indicated 
primarily for antiseptic use on mucous membranes. Strong protein 
silver is most effective but it is slightly irritant and stimulant. Mild 
protein silver acts largely as a demulcent, protective, and detergent. 
Collargol acts locally like mild protein silver, but is indicated to produce 
systemic reactions. 

Therapeutic Uses. — For application to mucous membranes concentra- 
tions of from 0.1 to 10 per cent strong protein silver are recommended; 
from 5 to 50 per cent of mild protein silver, and from 0.02 to 1 per cent 
collargol. Solutions should be recently prepared and be protected from 
light. They may be applied every two to live hours if necessary. Oint- 
ments and suppositories are u.scd in the same concentrations as aqueous 
solutions. 

Representative colloidal silver compounds fall into the following 
groups: (1) Strong Type Protein Silver; (2) Mild Type Protein 
Silver; (3) Collargol Type, (4) Electric Type (dilute and quite un- 
stable), and (5) Silver Halides. 

Strong Protein Silver 

Strong Protein Silver, a silver and protein compound containing 
about 8 per cent silver, is soluble in water (1:2) and insoluble in alco- 
hol. It is mildly irritant and is not precipitated by chlorides. 

Action and Uses, — Although it contains less silver than the mild pro- 
tein silver, its therapeutic action lies between that of silver nitrate and 
mild silver protein. It is efficacious in the prophylactic treatment 
against gonorrheal infection. 

It is employed in mucous membranes in concentrations of 1 to 10 to 
1 to 1,000. The same concentrations are employed for making up oint- 
ments or suppositories. Stains on linen may be removed by mercuric 
chloride 1:1^000, 
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Mild Silver Protein 

Mild Silver Protein contains about 20 per cent silver. It is hygro- 
scopic and freely soluble in water, and insoluble in alcohol. The solu- 
tion should be made up fresh in distilled water and protected from 
light. The activity of the solution is doubled in one to two weeks, and 
it becomes more irritant. 

Action and Uses . — The preparation is nonirritant, except in stronger 
solutions, and is not precipitated by chlorides. The preparation is usu- 
ally used in from 10 to 40 per cent aqueous solutions. 

Solutions from 1 in 2 to 1 in 20 are used on mucous membranes. The 
same concentrations may be employed in ointments or suppositories. 

COLLARGOL 

This preparation contains a much higher percentage of silver (78%), 
said to be in the form of metallic silver, reduced to the colloidal form 
by chemical means and stabilized by a small amount of egg albumin 
(22%). Collargol differs from mild protein silver in degree rather 
than in principle; it contains a larger proportion of silver in the form 
of colloidal metal and oxide and a smaller proportion in the form of 
silver proteinate. This preparation is used mainly for intravenous and 
intramuscular injection. The therapeutic response may be due to 
foreign proteins, rather than to the silver. 

Silver Halides 

Silver halides are mixtures of the colloidal silver salts. Colloidal 
Silver Iodide and Colloidal Silver ('hloride are typical examj)les. 

Colloidal Silver Iodide contains about 20 per cent silver iodide, 
rendered colloidally stable with gelatin. This substance is freely soluble 
in water. Solutions should l)e freshly prepared and dispensed in amber- 
<‘olored bottles. 

The gelatinized preparation containing 20 per cent silver iodide is 
u.sod in solution or ointment as a nonirritant antiseptic for topical 
application against skin and mucous membrane infections. Solutions of 
5 to 50 per cent are used on the skin, eye, ear, and mucous mem!)ranes 
of the nose, throat, and genitourinary tract. Solutions over 25 per cent 
may be made by dis.solving in hot water. Solutions tends to precipitate 
after standing longer than one week. Five per cent ointments are ap 
plied externally or in the form of suppositories in the vagina. 

Colloidal Silver Chloride contains about 10 per cent silver chloride 
rendered colloidal by a suitable stabilizing agent .such as sucrose. It 
is an odorless, hygroscopic powder afftMded by light. It is freely dis- 
persible in water. 

In ophthalmia neonatorum, and other inflammatory conditions of the 
eye, ear, nose, throat, and skin, dilute a 100 per cent solution*^ 9 to 
3 parts of water. In urethral injections use dilutions of 19 to 3 parts 
of water. 

Preparations 

Silver Nitrate, Arsenti Nitras, II.S.P., B.P. 

Strong Protein Silver, Argentum Protcinicum Forie^ N.F. Contains 
about 8 per cent of silver. The analogous B.P. compound is 
Argentoproteinum, Silver Protein. It consists of 7.5 to 8.5 per 
cent silver. 

Mild Silver Protein, Argentum Proteinicura Mite, U.S.P. Contains about 
20 per cent silver. 

Colloidal Silver Iodide, Argrnti lodiwn Colloidale, N.F. 
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Colloidal Silver Chloride, Argenti Chloridum Colloidale, N.F. 

Silver Picrate, Silver Triniirophenolate Monohydrate, N.N.R. 

Neo-Silvol, and Lunosol, see N.N.R. 

OXIDIZING AGENTS 

Many agents containing an excess of oxygen in their molecule are 
available as antiseptics. Oxygen is only antiseptic when in its 
nascent state, and in this state it is capable of almost immediately 
oxidizing all organic materials. Nascent oxygen may be obtained 
from such substances as ozone (O,), hydrogen peroxide (HgO*), 
potassium permanganate (KMnO^), sodium perborate (NaB 0 ,. 4 H 30 ), 
and the metallic peroxides. 

Organisms vary tremendously in their resistance to oxidizing agents 
although, as a rule, the gram-positive organisms are more susceptible 
to changes in oxidation-reduction potential of their environment. 
Molecular oxygen apparently is only destructive to those anaerobic 
organisms which produce hydrogen peroxide and do not produce 
catalase with which to destroy it. 

Chlorine, also a widely used oxidizing agent, oxidizes by other mecha- 
nisms than releasing oxygen. (See chlorine compounds.) 

Hydrogen Peroxide 

Absolute hydrogen peroxide is an oilj^, colorless liquid. Owing to 
its tendency to explode and because of its caustic properties it is 
not used in medicine. Pharmacopoeial Hydrogen Peroxide Solution 
contains 2.5 to 3.5 per cent hydrogen peroxide; it is slightly acid in 
reaction, and deteriorates with age. It yields ten volumes of oxygen. 

Action and Uses, — The solution yields oxygen when it comes in con- 
tact with pus and the nascent oxygen has a nonirritating, mild disin- 
fectant action. Since the solutions of hydrogen peroxide have a high 
surface tension, they do not penetrate well and in the presence of 
excessive amounts of organic matter their germicidal action is feeble 
and not prolonged. The evolution of gas has a mechanical cleansing 
effect, for it loosens pus and other organic matter. 

In dilution of 1:4 in w^ater it is an anti.septic for ‘‘anaerobes^' 
(gingivitis, trench mouth, Vincent’s infection). The same dilution is 
recommended as a mouthwash and for wound irrigation. Hydrogen 
peroxide is especially effective against trypanosomes; this organism 
contains catalase and it is surmized that the catalase present may 
be sufficient to decompose small amounts of hydrogen peroxide. Clin- 
ically, hydrogen peroxide solutions have proved effective in the treat 
ment of Trichomonas vaginalis infections. 

Potassium Permanganate 

Potassium permanganate (KMnO^) occurs as long purple crystals, 
soluble in water (1:14). It is unstable in contact with organic com- 
pounds and is therefore incompatible with such compounds as alcohol, 
glycerin, organic acids, tannin, and other substances readily oxidized. 

Phaxmacological Action. — Potassium permanganate is a deodorant, 
germicide, irritant, and astringent. It is an effective oxidizing agent, 
but its action is only superffeial and its efficiency is limited by an 
excess of organic matter. It can oxidize and destroy organic poisons 
and is used as an oxidizing antidote for organic poisons before they 
leave the stomach, such as aconite, morphine, strychnine, picrotoxin 
and cyanide, if alkaline. It is useless against atropine, cocaine, phos- 
phorus, and most hypnotics. 
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Toxicology. — The drug is an irritant to the gut and large doses 
may produce fatal gastroenteritis. Following administration as an 
antidote the stomach should be evacuated. The drug has been 
popularly reputed to bo an emmenagoguc and is a common constituent 
of abortifacient pills. Treatment of acute poisoning consists of gastric 
lavage, emesis, administration of albumen (raw eggs), demulcent 
drinks, and morphine sulfate for pain. 

Therapeutic Uses. — An aqueous solution (1 to 5 per cent) is used as 
an antiseptic for sterilizing surgeons^ hands. As an antidote, 0.05 to 
0.25 gram well diluted (1:1,000) is indicated. Local application of 
potassium permanganate crystals, after free incision, is the recognized 
treatment for snake bite. 

For the irrigation of cavities, 0.1 to 1 per cent concentrations may 
be used. Solutions (1:1,000) are widely used for injections in the treat- 
ment of gonorrhea, urethritis, and cystitis, Pelouze uses a daily irriga- 
tion of 1:8,000, giving an injection of 5 per cent argyrol (6 cc.) after 
each irrigation. Solutions of 1:500 concentration may be applied ex- 
ternally for excessive sweating of the feet. For these purposes a 1:20 
stock solution stored in a glass-stoppered bottle and diluted as needed 
is recommended. Dermatitis venenata (poison ivy, etc.), especially the 
subacute irritation, is frequently handled satisfactorily with saturated 
solution of potassium permanganate. 

Sodium Perborate 

Sodium perborate is a white, odorless, granular salt, with a saline 
taste and alkaline reaction. It is soluble in water (1:40), decom- 
posing into hydrogen peroxide and sodium rnetaborate, NaBO, + H,0 == 
H,0, -I- NaBOa, It combines the properties of an oxidizing antiseptic 
and alkalinity. 

Action and Uses. — It acts as an efficient oxidizer, deodorant, and anti- 
septic. It is ideal for certain oral lesions, such as pyorrhea gum infec- 
tion, but should not be used too long as a dentifrice, since its alkalinity 
increases as it loses oxygen. On mucous membranes, it may be used 
by the patient, in 2 to 10 per cent solution as a wash, or full strength 
for local application in Vincentes infection. The late Dr. Bloodgood 
of Johns Hopkins Hospital stated that this drug will rapidly cure more 
than 95 per cent of the cases, if properly applied. He recommended 
that a thick paste of the pure salt be spread over all the teeth, be held 
in the mouth five minutes, then the mouth rinsed with warm water. When 
the entire oral cavity is involved, a perborate gargle is indicated. 
It is a popular ingredient of tooth powder, and is lauded as being 
especially effective against Vincentes infection. 

For Vincentes infection: 

B 

Sodium Perborate 60.00 Qm. (5ij) 

Sodium Bicarbonate 30.00 Gm. (Sj) 

Methyl Salicylate 4.00 cc. (f3j) 

Mix. Make a powder. 

Sig.: Teaspoonful in a glass of warm water as 

mouthwash every hour. 

Metallic Peroxides 

The metallic peroxides are compounds in which the hydrogen of 
hydrogen peroxide has been replaced by metals, which are readily decom- 
posed with liberation of hydrogen peroxide or oxygen. The metallic 
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peroxides free this oxygen more gradually than does hydrogen peroxide. 
The metallic peroxides differ among themselves according to their 
solubility and alkalinity produced by interaction of the peroxide and 
water. It is also affected by the nature of the metal which goes in 
solution when the oxide is decomposed. The peroxides are recommended 
as useful agents for sterilizing water. 

Sodium Peroxide. — Sodium peroxide, NajO„ is the sodium compound 
analogous to hydrogen peroxide; it contains at least 90 per cent of 
sodium peroxide. It is not used internally, but has been used in acne, 
applied in the form of a paste prepared with liquid paraffin, or as a 
soap to remove comedones. 

Zinc Veroxide (medicinal) is a mixture of zinc peroxide, zinc oxide, 
and zinc hydroxide equivalent to not less than 45 per cent zinc peroxide. 

Although used for the same purposes as hydrogen peroxide, it has the 
advantage of a slower evolution of oxygen. It may be used as a steril- 
ized powder to make up a 40 per cent aqueous creamy suspension for 
application to wounds especially infected by anerohic organisms. The 
creamy suspension may be applied to wounds and then covered with 
dressings soaked in the same suspension. These dressings must be 
changed every twenty- four hours. 

Preparations 

Hydrogen Peroxide Solution, Liquor JTydrogenii Peroxidi, U.S.P., B.P. 
Potassium Permanganate*, Potassii Permanganas, U.S.P., B.P., Caution : 
Great care should be observed in handling Potassium Perman- 
ganate, as dangerous explosions are liable to occur when it is 
brought into contact with organic or other readily oxidizable 
substance either in solution or in the dry condition. 

Bodiuin Perborate, Perhorasy U.8.P. Not less than 9 per cent of 

available oxygen. 

Medicinal Zinc Peroxide, Zinci Ptroxidtim Mtdicinale, U.S.P. 

ACIDS 

Several of the acids are used for their germicidal and antiseptic ac- 
tion. Some owe their action to their effect on pH and also to a specific 
toxic action of the undissociated molecule, e.g., boric, benzoic, and 
salicylic. They may also be of value in restoring the normal acidity to 
infected areas, thereby aiding the healing processes. 

The strong inorganic acids are occasionally used as cauterizing agents 
(chromic acid) and for local sterilization of dangerously infected 
wounds. Nitric acid may be used for this purpose since it forms a firm 
crust and does not penetrate too deeply. 

Boric Acid and Borax 

Boric acid, boracic acid, B(OH)^ is a weak nonirritating acid having 
a mild antiseptic and astringent action. It is soluble in water (1:18), 
alcohol (1:18), and in glycerin (1:4). Borax, sodium borate, Na^^O,.- 
lOH^O, is a transparent crystalline substance, soluble in water, alcohol, 
and glycerin and possesses a sweetish taste. 

Pharmacological Action. — ^Boric acid is nonirritant and has a feeble 
bacteriostatic action. It increases the acidity of urine. Borax acts 
as a weak alkali. It dissolves mucus, lessens urinary acidity, and is 
used for cleansing. A concentration of about 0.3 per cent added to 
foodstuffs checks putrefaction, and in the past this substance was 
used extensively as a food preservative. Prolonged investigations 
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(Wiley, 1904, and others) upon the action of boric acid as a food 
preservative have resulted in unfavorable reports concerning its use and 

it is now prohibited for this purpose. Benzoic acid is used extensively 
at present for preserving food. 

Toxicology. — Boric acid is rapidly absorbed from the gastrointestinal 
tract and to a slight extent from the skin. Poisoning may result if 
boric acid is swallowed. The usual symptoms of poisoning are cold, 
clammy skin, weak pulse, abdominal pain, vomiting, diarrhea, and 
collapse. Treat by gastric lavage and external heat. Caffeine, or hot 
coffee, may be administered as a stimulant. Administer an abundance 
of alkalies (fruit juices, sodium bicarbonate) and water. 

Therapeutic Uses. — ^Boric acid may be used locally as an antiseptic 
and astringent dusting powder, or as the official ointment for skin 
irritations; or in a saturated solution (4%) as an eyewash or gargle. 
To render the dusting powder anesthetic and more antiseptic, add 
chlorbutanol (25%) or ethylaminobenzoate (5%). For example 
a mixture of boric acid 1, purified talc 2, chlorbutanol 1, may be used. 
A boric acid paste is a good antipruritic in dermatitis venenata. 

The glycerite of boroglycerin is used in making washes and, in the 
form of boroglyceride tampons for vaginitis. The official ointment, 
which is used chiefly as a protective dressing on wounds and abrasions, 
is mildly antiseptic. It serves chiefly as an emollient dressing possessing 
a .slightly astringent action and retains heat and moisture. The oint- 
ment is used in the conjunctival sac for mild irritation or drying. 

Sodium Borate-Glycerin Tampons are recommended for the treatment 
of thrush vaginitis. Tampons saturated in a solution of sodium borate 
(1 teaspoonful) in glycerin (1 oz.) are inserted in the upper part of the 
vagina. The treatment is continued for three or four days. 

Preparations 

Boric Acid, Acidum Boricum, TI.S.P., B.P. 

(flycorite Boroglycerin, Glyct ritum Boroglycerini, U.S.P. Boric acid and 
glycerin representing .'U per cent boric acid. Glycerinum Acidi 
Boric i, B.P. 

Anti.septic Holution, Liquor Aiitisepticus, N.F. Boric acid (2.5%), 
thymol, chlorthymol, eucalyptol, methyl salicylate, thyme oil, 
and menthol in alcohol and distilled water. 

Boric Acid Ointment, Unguentum Acidi Borici, U.S.P., B.P. Boric acid 
(10%) in wool fat and white ointment. 

(\)mpound Sodium Borate Solution, Liquor Sodii Boratis Compositus, 
N.F. (Dobell's Solution). Sodium borate and sodium bicarbonate 
(each 1.5%) and liquefied phenol (0.3%) in glycerin and water. 

Salicylic Acid 

Salicylic acid is a white crystalline substance, slightly soluble in 
water (1:460), freely soluble in alcohol (1:2.7). Incompatible with 
solution of iron, alkalies, and alkaloids. 

Action and Uses , — It is mildly antiseptic and astrin^nt, but its best 
value locally is as a keratolytic and as a local anesthetic (antipruritic). 
Intensive use corrodes the skin and mucous membranes. For general 
actions of salicylates, see Chapter XI. 

It is used as an antipruritic in 1 to 2 per cent alcoholic solutions or as 
an ointment (3-6 per cent). Concentrations of 2 to 5 per cent solutions, 
powder, or ointments arc used for parasiticide and keratolytic purposes, 
its caustic and keratolytic actitms are made use of in compounding 



210 MATERIA MBDICA. TOXICOLOGY, AND PHARMACOLOGY 

preparations for tho local treatment of corns. A common prescription 
for use in the treatment of corns is: 


n 

Salicylic Acid 6.0 Gm. (3iss) 

Collodion q.s. ad 30.0 cc. (f3j) 


M. Sig.: Apply locally. 

Salicylic acid is a constituent of Whitfield’s ointment 1 or 2 (double 
strength) useful in the treatment of epidermophytosis (ringworm). 

Whitfield’s Ointment (1): 

Salicylic Acid 3 per cent 

Benzoic Acid 6 per cent 

Petrolatum q.s. 

Mix and stir well and make an ointment. 

Sig.: Apply externally to lesions. 

Whitfield's Ointment is a very satisfactory preparation to use in 
seborrheic dermatitis and in chronic intertriginous dermatophytosis of 
the toes and in dermatophytosis of the sole of the foot. Benzoic acid 
prevents the decomposition of the fats in the exfoliated material and 
does away with the fetid odor. 

Modified Lasser's paste is an excellent antipruritic. The prescription 
is as follows: 


B 

Phenol (Liq.) 0.3 cc. (illv) 

Salicylic acid 0.3-0.6 Gm. (gr. v-gr. x) 

Zinc oxide 

Com starch aa 4*8 Gm. (3j-3ij) 

Petrolatum q.s. ad. 30 Gm. (Sj) 


M. Sig.: Apply locally as directed. 

Preparations 

Salicylic Acid, Acidum Salicylicum, U.S.P., B.P. 

Salicylic Collodion, Collodium Salicylicum, N.F. Salicylic acid (10%) 
and flexible collodion. 

Bexusoic Acid and Sodium Benzoate 

Benzoic acid has been widely used as a food preservative in con- 
centrations of 0.1 per cent. Being relatively nontoxic and tasteless, it 
lends itself to food preservation. In the body, benzoic acid combines 
with glycine to form hippuric acid, which is excreted in the urine. Four 
to six grains daily may cause some gastric irritation but causes no other 
symptoms of any account. Large doses have systemic eilects similar to 
salicylic acid. 

Sodium benzoate has the action of benzoic acid but is less irritating. 
It is a mild antiseptic and is practically nontoxic. 

Preparations 

Benzoic Acid, Acidum Benzoiewn, XJ.S.P., CcH».COOH. Soluble in water 
(1 in 275) and in alcohol (1 in 3). Dosage: 1 Gm. (15 grains) 
best given in the form of soluble benzoates. 

Sodium Benzoate, Sodii Benzoas, U.S.P., Na(C«HeCOO). Dosage: 1 
0m. (15 grains). 
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VOLATILE OILS 

The volatile oils have bhen used since antiquity as preservatives 
and antiseptics, although their real value as antiseptics has not been 
carefully investigated. With possibly the exception of thymol, the 
usefulness of the volatile oils is limited by their low solubility in 
aqueous solution and by the fact that saturated aqueous solutions are 
only mildly disinfectant. 


Thymol 

Thymol, CjpH,^0, is a phenol of the benzene series, obtained from 
oil of thyme and other volatile oils. It occurs in the form of large color- 
less crystals, slightly soluble in water (1:1,000), soluble in alcohol, and 
in fixed oils. 

Pharmacological Action. — Thymol is about twenty-five times as dis- 
infectant as phenol ; it possesses germicidal and fungicidal action 
superior to that of other volatile oils. Its toxic action is about one- 
half that of phenol. Thymol is also analgesic, stimulant, very 
slightly irritant, and possesses favorable healing properties on animal 
tissue. 

Therapeutic Uses. — Thymol is used in combination with other 
agents for mouthwashes, nasal sprays, gargles, etc., in the treatment of 
such conditions as pharyngitis, stomatitis, and nasal catarrh. It has 
been employed against hookworms but more efficient agents are now 
available. Thymol is administered as a constituent of antiseptic solu- 
tions and ointments. When used against hookworms 5 to 7 grains of the 
powder should be prescribed in capsules. 

Thymol is a satisfactory ingredient of mouthwashes: 

E 

Thymol (sat. sol.) 60.00 cc. (fjij) 

Hydrogen Peroxide 60.00 cc. (fjij) 

Glycerin 60.00 cc. (fSij) 

Water q.s. ad 240.00 cc. (fSviij) 

M. Sig. : Dilute and use as mouthwash. 

Thymol has been reported useful in the treatment of actinomycosis 
and coccidioidomycosis. 

Thymol in combination with other volatile oils may be used as an 
oil spray to combat excessive nasal secretion and for relieving the 
feeling of fullness of the head. 

As oil spray: 

H 

Thymol 0.03 Gm. (gr.ss) 

Menthol 0.24 Qm. (griv) 

Eucalyptol 0.60 Gm. (tax) 

Liquid Petrolatum q.s. ad 60.00 cc. (fjij) 

M. Sig.: Use in atomizer as nasal spray. 

Thymol Iodide is an antiseptic used chiefly as a dusting powder. 
It is a light brown, mildly antiseptic and astringent mixture of thymol 
iodides, insoluble in both water and alcohol, but soluble in ether and oils. 

A dusting powder of thymol iodide may be used in the treatment 
of herpes eoster. Apply powder and hold in place by a layer of cotton 
and adhesive tape. 
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Preparations 

Thymol, Thymol, U.S.P., B.P. Dosage: Anthelmintic, divided into 
three doses, 2 Gm. (30 grains). 

Thymol Iodide, Thymolis lodidum, N.P. Contains not less than 43 per 
cent iodine. 

DTES 

Dyes are employed in medicine as antiseptics, agents against 
protozoa and for wound healing. They are also useful as diagnostic 
agents, especially for the determination of renal and hepatic func- 
tions. 

Mode of Action. — The dyes have a marked specificity of action which 
apparently is related to the staining properties of bacteria, which in 
turn is dependent upon the physicochemical characteristics of the con- 
stituents of the bacterial cells. Dyes that have a special affinity for 
the Gram-positive organism may be designated as electropositive. They 
are more active in a basic medium and are called basic dyes. The 
dyes active against Gram-negative organisms, that act best in an acid 
medium, are called acid dyes. 

Toxicology. — All antiseptic dyes are toxic to tissue cells as well 
as to bacteria. Many of the dyes, however, have a greater toxicity 
for microorganisms than the host cells and therefore make excellent 
therapeutic agents. 

Antiseptic dyes may be classified quite simply on the basis of their 
chemical constitution. The following classification (N.X.R.) is useful: 
(1) Azo Dyes; (2) Acridine Dyes; (3) Triphenylmethane or Kosaniline 
Dyes; (4) Fluorescein Dyes; (5) Phenolphthaleiu Dyes; ((i) Miscel- 
laneous Dyes. 

Azo Dyes 

The azo dyes have a marked powder of stimulating the proliferation 
of epithelial cells and are used in the treatment of burns, wounds, 
chronic ulcers, and bed sores. They are usually employed in the form 
of ointments or oily solutions ranging in t'oncent ration of from 4 to 
8 per cent. The 8 per cent ointment may be irritating ami should 
be alternated with a soothing ointment. They may also be employed 
(mixed with talc) as dusting powders. 

Preparations 

Scarlet Red, Buhrum Scarlatinum, N.F. Dark, brownish red, odorless 
pow'der. Practically insoluble in w'ater and slightly soluble in 
alcohol, acetone or benzene; soluble in oils, fats, phenol, chloro- 
form, and warm petrolatum. 

Scarlet Bed Ointment, Vnguentum Bubri Scarlatini, N.F. Scarlet red 
(5%) in olive oil, wool fat, and petrolatum. 

Scarlet Red Sulfonate, N.N.R. This differs from scarlet red in 
that it is the sodium salt of azobenzenedisulfonic acid azobeta- 
naphthol. It is used as indicated for scarlet red. 

Acridine Dyes 

The acridine dyes, because they are mostly yellow, have been 
termed ''flavines.'' The most representative members of this group 
are acriflavine and proflavine. These dyes possess marked antiseptic 
and germicidal properties and are employed in a number of pathologic 
conditions. 

It is reported these dyes are free from toxic or irritant action on 
living tissues and do not appreciably inhibit the phagocytic action 
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of the leukocytes. Acroflavine appears to possess a specific bac- 
tericidal action on the goipcoccus, an action greater than that of 
proflavine, but slower. 

Preparations 

Acriflavine, Acriflavina, N.F. (Acriflavine liase, Neutral Acriflavine) . 
Chlorine (about 14.5 per cent). Antiseptic, especially against 
the gonococcus; also in wounds and inflamed mucous membranes. 
Dosage: For application to wounds, solution 1:1,000; for ir- 
rigation, in solution of from 1:500 tb 1 : 10,000. 

Proflavine Dihydrochloridc, Proflavinae Dihydrochloridum, N.F. CjsH,,- 
N3.2HCl.2HjO. Orange-red to brown-red; odorless crystals which 
are affected by light. Soluble in water (1 in 10). Caution: 
Proflavine dihydrochloride solutions should be dispensed in light- 
resistant containers and should be discarded when they become 
turbid. Dosage: Solutions of from 1:10,000 to 1:1,000 may be 
employed for the irrigation of wounds; the higher dilutions are 
jirefcrable to minimize local irritation when large quantities are 
to be used. 

Triphenylmethane (Bosaniline) Dyes 

The triphenylmethane dyes are basic dyes which are effective against 
(rram-positivc organisms. The group includes gentian violet, crystal 
violet, brilliant green and acid and basic fuchsin. Gentian violet is of 
greatest importance in ine<licine. 

Gentian Violet. Gentian violet is bactericidal in water and even 
more so in the presence of serums. It is bacteriostatic against the 
majority of Grain-positive bacteria and selective between these and 
the majority of the Gram-negative. 

Locally, it is employed as a 1:1,000 aqueous solution in the blad- 
der, urethra, and colon. A 1 per cent solution is used in the mouth 
for thrush; it is also used in throat infections, in empyema and 
arthritis. A 1 per cent acpieous solution applied as a spray or swab 
every two hours is useful in burns. It forms a firm but pliable pro- 
tection, and is antiseptic and analgesic. In the treatment of impetigo 
contagiosa gentian violet is painted on the lesions in a 1 to 2 per cent 
aqueous solution. 

Orally it is used in the treatment of pinworms. etc. (sec Anthelmin- 
tics). Intravenously, it has been employed in encephalitis, septi- 
cemia, etc., but this use has been abandoned. 

PREl»ARATIOXS 

Methylrosaniline Chloride, Methylrosanilinae Chlondum, U.S.P. (Gentian 
Violet, Methyl Violet, Crystjvl Violet). Hexamethylpararosaniline 
chloride, usually mixed with pentamethylpararosaniline chloride 
and tetramethylpararosaniline chloride. 

Methylrosaniline (^hloride Jelly, Gelatum Methylrosanilinae Chloridi, 
N.F. (Gentian Violet Jelly). Contains methylrosaniline chloride 
1 per cent in a jelly composed of glycerin and tragacanth with 
exsiccated sodium phosphate, eugenol, eucalyptol, methyl and 
propyl parahydroxybenzoate in distilled water. 

Methylrosaniline Chloride Solution, Liquor MethylrosanUini chloridi, 
N.F. (Gentian Violet Solution, Crystal Violet Solution). Methyl- 
rosanilino chloride (1 per cent) and alcohol (10 per cent) in 
water. Alcohol content about 9 per cent. 
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Fluorescein Dyes 

Fluorescein and merbromin (mercurochrome) arc two fluorescein dyes 
of medical importance. Merbromin is discussed under the antiseptic 
mercury compounds. 

Fluorescein is chemically related to the phenolphthalein dyes, being 
a combination of resorcinol with phthalic anhydride. It is an orange- 
red powder insoluble in water. 

Ophthalmologic Use. — A solution of sodium salt of fluorescein is 
formed by dissolving 2 Gm. of fluorescein and .3 Gm. of sodium bi- 
carbonate in sutflcient water to make 100 cc. This solution is used 
for the diagnosis of corneal lesions and the detection of minute 
foreign bodies embedded in the cornea. When applied to the cornea 
only those portions deprived of epithelium are stained. Ulcerated areas 
are stained green; foreign bodies appear surrounded by a green ring; 
and loss of substance in the conjunctiva is indicated by a yellow stain. 

Preparation 

Fluorescein Sodium, Fluoresceinum Sodicum, U.S.l*. 

Phenolphthalein Dyes 

The phenolphthalein dyes are used mainly as diagnostic agents, 
with the exception of phenolphthalein, which is used in medicine as a 
cathartic. lodophthalcin sodium, phenolsulfonphthalein, and sulfo- 
bromophthalein sodium will be di.scussed. 

lodophthaleln Sodium, U.S.P., is a blue-violet powder freely soluble 
in water (1 in 7) and slightly soluble in alcohol. It is used for 
roentgenologic examination of the gall bladder. Dosage: For each 10 
kilograms of body weight: oral 0.5 Gm.; intravenous, 0.3 Gm. ( U.S.P. ). 
(See N.N.E. for details.) 

Phenolsulfonphthalein, U.S.P. (Phenol Bed), is a crystalline powder; 
stable in air, very slightly soluble in water (1 to 1,300) and .^lightly 
soluble in alcohol (1 in 350). 

It is used for determining the functional activity of the kid- 
ney. Excretions begin five to ten minutes after intramuscular or 
intravenous injections in the normal person, but arc delayed in the 
presence of deficient functional activity; the degree of this functional 
deficiency may be estimated by the proportionate amount excreted in 
two hours. (See N.N.R.) 

Preparation 

Phenolsulfonphthalein Injection, Injectio Fhenolsulfonphthalciuif U.S.P. 
A sterile solution of phenolsulfonphthalein in isotonic sodium 
chloride solution made with water for injection and rendered 
soluble with sodium bicarbonate or sodium hydroxide. Dosage: 
Diagnostic; intravenous or intramuscular, 6 mg. phenolsulfon- 
phthalein (U.S.P.). The usual ampule size contains 6 mg. in 
1 cc. 

Salfohromophthalein Sodium, U.S.P., is a white crystalline powder 
soluble in water and insoluble in alcohol. It is used as a liver func- 
tion test, the dosage being 2 mg. per kilogram of body weight; 5 per 
cent solution intravenously. (See N.N.R. for more details.) 

Preparation 

Sulfobromophthalein Sodium Injection, Injectio Sulfobromophthaleini 
Sodici, U.S.P. (Sulfobromophthalein Sodium Ampules). The 
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usual size contains 150 mg. in 3 cc. Dosage: For each kilogram 
of body weight, intravenous, 2 mg. sulfobromophthalein sodium 
{U.S.P.). 

Methylene Blue 

Methylene blue was the hrst antiseptic dye to be used medicinally. 
It was recommended as an intestinal antiseptic and also used as a 
urinary antiseptic, in both instances being of little value. 

Methylene blue is a weak antiseptic, but is more efficient as a 
l)a(*terio8tatic agent. It has been reported to be of special value in 
the treatment of tuberculosis of the urinary tract. 

Actions on Hemoglobin. — Methylene blue can oxidize hemoglobin to 
methemoglobin or again reduce methemoglobin to hemoglobin, accord- 
ing to the circumstances. In severe methemoglobinemia, from nitrate, 
acetanilide or sulfanilamide, intravenous injections of small doses of 
methylene blue (1-2 mg. per Kg.) promptly decreases the methemo- 
globin and increases the oxygen capacity of the blood. The drug may 
be given orally, 65 to 130 mg. every four hours for the average adult. 
(A. F. Hartman, 1938.) 

As Antidote. — Methylene blue is of some value as an antidote in 
cyanide poisoning (by. forming methemoglobin to bind the cyanide) 
but is inferior to the nitrites. In carbon monoxide poisoning it appears 
to be not only useless, but toxic. Unfortunately it has been recom- 
mended and employed by some for this purpose. 

I’REPARATIOX 

Methylene Blue, Mcthylenum Caeruleum, U.S.P. (Methylthionine Chlo- 
ride, U.B.P. XII). C„H,sClN,S.3IIA Dosage: 0.15 Gm. 

(2Vi grains). 

IODINE AND IODINE COMPOUNDS 

The germicidal action of iodine was first recorded by Davaine in 
1873. The earliest mention of its use in surgery appears in Bryants’ 
Practice of Surgery (1884), in which he wrote; ** Those who disregard 
atmospheric germs and highly regard means for purifying wound 
surfaces, will use antiseptic irrigation of the wound with lotion of 
iodine, made by adding ten drops of liquor of iodi to the ounce of water. 
I have employed iodine lotion for years and prefer it to any other.” 

Iodine-containing compounds, such as iodoform and iodovhlorhydro- 
quinoliuc (vioform), have been used on wounds in the form of dusting 
powders. They liberate iodine slowly and lack the irritant action 
usually attending the application of Strong Iodine Tincture. 

Pharmacological Action. — Certain iodine compounds are used for 
their local irritant and antiseptic effects, which are probably due 
to the action of free iodine contained in the preparations or 
liberated from them. Iodine is sparingly soluble in water, although 
readily soluble in most of the common solvents as well as in aqueous 
solutions of the iodides. One of the most striking characteristics of 
iodine is that its effective disinfecting concentration is very similar for 
all bacteria. The more critical researches have shown that no chemical 
or physical agent is capable of sterilizing the skin without some de^ee 
of irritation. Apparently iodine possesses the necessary qualifications 
for a skin disinfectant, although it is far from being entirely satisfac- 
tory. 

Iodine solutions are irritant to mucous membranes. The 3.5 per 
cent iodine in alcohol is not easily tolerated by the oral mucosa and 
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some irritation usually follows its use. Rodriguez made a critical 
study of iodine and other compounds under the adverse conditions 
found in the oral cavity. He concluded: Iodine in dilutions of 3.5 

per cent, and even 1.75 per cent strength, preferably in glycerin, is 
an effective germicide from the standpoint of surface disinfection of 
the oral membrane.” 

Iodine solutions lack the appeal of many of the new proprietary 
preparations because of their irritative properties. Nevertheless, 
iodine continues to remain the standard skin disinfectant, which is 
evidence of its real value. The claim is made for many of the newer 
preparations that thej' retain the germicidal efficiency of iodine with- 
out possessing its irritant action. Many of these claims are false; 
nonirritating iodine compounds frequently possess slight disinfectant 
action. 

Toxicology. — Careful consideration should be given to iodine 
poisoning. The usual symptoms are pain in the throat and stomach, 
vomiting, purging, and intense thirst. Giddiness, faintness, and 
convulsions are commonly present. Treat by the administration of 
sodium thiosulfate (1 to 10 Om. in water) by mouth. Then lavage 
with 1 per cent sodium thiosulfate. Administer starch paste. Ex- 
ternal heat and stimulants may be indicated. • lodism is treated else- 
where in text. 

Therapeutic Uses. — Strong Iodine Tincture, and Strong Iodine 
Solution (Lugol^s Solution) are commonly used preparations. Mix- 
tures of Strong Iodine Tincture with varying amounts of glycerin 
have given good results when delicate tissues are to be treated. 
Mixtures of iodine and oil ointments have proved a disappointment 
as disinfectant preparations. The following iodine preparations are 
commonly used for antiseptic and disinfectant purposes and for in- 
ternal purposes. 

Strong Iodine Solution 

Strong Iodine Solution (Lugol) consists of 4.5 to 5..'! per cent 
free iodine rendered soluble in water by the presence of 10 per cent 
potassium iodide. The common incompatabilities are: alkalies, car- 
bonates, alkaloids, vegetable a.stringents, volatile oils, and starch. 

This preparation is an efficient antiseptic. Its application is not 
as painful as is that of the tincture. Two to 5 per cent is used for 
disinfection on wet or dry skin. As an alkaloidal antidote administer 
orally 1 cc. in a glass of water; follow by gastric lavage. For the 
preoperative treatment of toxic goiter patients, 0.5 cc. is administered 
one to three times a day for a week prior to operation. 

Strong Iodine Tincture 

Strong Iodine Tincture contains 6.5 to 7.5 per cent iodine, 5 per cent 
potassium iodide, 5 per cent distilled water, and 83 to 88 per cent alco- 
hol. The iodide renders the iodine soluble. Its incompatibilities are 
the same as for the strong solution of iodine. It is used in the treat- 
ment of comeal tUcer of the simple type. It may be applied by means 
of a toothpick soaked in the solution and administered cautiously. 
Strong Iodine Tincture with glycerin is indicated for the treatment of 
chronic granular pharyngitis, and in acute follicular tonsillitis. The 
following prescription may be used : 


Strong Iodine Tincture 

Glycerin 

M. Sig.: Apply as directed. 


. 3.0 cc. (f3%) 
. 30.0 cc. (fSj) 



ANTISEPTICS. DISINFECTANTS. AND ANTI-INFECTIVES 217 

In gynecology the tincture may be applied directly to the cervix in 
<H!Ute gonorrheal endocervicit\s. Diluted solutions are useful as stimu- 
lants in the treatment of ulcers. 

Iodine Tincture 

Iodine Tincture contains 2 to 2.4 per cent iodine and about 
2.3 per cent sodium iodide in 44 to 50 per cent alcohol. A hydro- 
alcoholic solution allows deeper iodine penetration and greater 
efficiency for a given concentration. This preparation may be applied 
to open wounds with practically no painful aftermath. Delayed dry- 
ing may account for deeper penetration and greater bactericidal 
action. The phenol coefficient of this compound is 4.7. 

Iodine Dusting Powders 

Dusting powders containing iodine in various combinations are used 
in the treatment of wounds, granulating surfaces, abscess cavities, etc. 
The beneficial action is based on: 

1. The antiseptic action of iodine. 

2. Stimulation of phagocytosis. 

3. Diminished secretion of wound. 

Iodoform, N.F., CHI,, seems to be the standard preparation. Other in- 
soluble organic iodine compounds have been tried with limited success, 
although they may be less toxic and avoid the disagreeable odor of 
iodoform. 

Vioform, CJI^N.OH.I.Cl, an almost odorless substitute for iodoform, 
may be used as a dusting powder for application to wounds, ulcers, 
burns, exudative skin eruptions, etc. 

FKKI'AUATIOX.S 

Strong lo<liiu! Timdure, Tinctura lodi Fortis, N.F. (Tincture of Iodine. 
U.S.P. Xll). Note: Dispense strong iodine tincture when tine 
ture of io<line V.S.P. XI I is ordered. 

hxline Tincture, Tinrturn lodi, I’.S.P. (Mild Tincture of Iodine, U.S.P. 
XI r. Note: This should not be confused with the 7 fier cent 
tinctui'e of io<line U.S.P. XII, now descrilnxl ns Strong Iodine* 
Tincture N.F. ) 

Iodine Ointnn*nt, UntfUf utum Jodiy N.F. Iodine (4 per cent) and potas- 
sium iodid(' ('4 per cent) in glycerin and yellow ointment. Cau- 
tion: During its manufacture and storage this ointment must 
not come in contact with metallic utensils or containers (N.F. ). 
Strong loiline Solution, Liquor lodi Fortus, U.S.P. (I.ugoUs Solution). 
Dosage: 0.3 c.c. (U.S.P.), orally in water. 

CHLORINE DERIVATIVES 

Chlorine, which tvas discovered by Schcele in 1771, wa.s used .soon 
after its discovery for arresting putrefaction and as a deodorant. It 
met w’ith almost immediate approval and is now used widely as a 
chemical disinfectant, especially in the disinfection of questionable 
water supplies and for rendering .sewage le.ss objectionable. 

Pharmacological Action of Chlorine Compounds. — Chlorine is a 
powerful poison to all organic matter, including bacteria. It is a 
strong irritant to the air passages, capable of producing pulmonary 
edema and death. In medicine the gas is rarely used, but many 
derivatives are valuable germicides and bleaching agent.s. 
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Mode of Action, — The germicidal power of chlorine is due to oxida- 
tion and to direct chlorination. Chlorine combines with hydrogen of 
water to liberate nascent oxygen, which is a very active germicide: 

2C1, + 2H,0 4HC1 + O, 

It is probable that the germicidal effect of chlorine is due also to 
the reaction of chlorine with unsaturated components of the germ 
plasma. Chlorine may directly attack the protein molecule and replace 
hydrogen in the amino groups yielding chloramines : 

H H 

R — i — CO -* R — Ij — CO 
Jth ]!ra 

Germicidal ErncENCY of Chlorine. — Chlorine in great dilutions is 
remarkably efficient as a germicide. The phenol coefficient is estimated 
at 218. In the presence of a heavy suspension of feces, the phenol 
coefficient is 72.5 at 2* G. and 62 at 20* C. The decrease in the 
numerical phenol coefficient at the higher temperature does not indi- 
cate a decreased activity of the chlorine, but rather that the tem- 
perature coefficient of the phenol is much greater than that of the 
chlorine. 

The efficiency of chlorine and chlorine compounds is markedly reduced 
by the presence of excessive amounts of organic matter. The chloramines 
are least affected by the presence of organic matter. Azochloramid 
appears to be less affected by the presence of serum than are the 
other chlorine preparations. 

The pH (acidity or alkalinity) is an important factor in de- 
termining the germicidal efficiency of chlorine. The germicidal 
efficiency of chlorine compounds is markedly decreased with in- 
creases in the amount of alkali present. The chloramines are also 
more effective in acid and neutral solutions than in alkaline solutions. 
In spite of this knowledge attempts continue to be made to combine 
an alkaline detergent and a chlorine disinfectant. Such products are 
now being sold to an uninformed public. Chlorine compounds which 
are made too acid become increasingly corrosive and the less alkaline 
hypochlorides are, the less stable they are. The problem therefore 
resolves itself in obtaining that pH (alkalinity) that gives a satisfac- 
tory germicidal action and at the same time the maximum stability 
and the minimum corrosiveness. 

Toxicity of Olilorine Compounds.-- Chlorine gas and water contain- 
ing a large amount of chlorine are .irritating and corrosive. When 
water is properly chlorinated the free chlorine is dissipated long 
before reaching the consumer and no physiological effects occur. 
The objectionable flavors are not due to chlorine but to the chloro- 
phenols present. When chlorinated lime is swallowed, gastrointestinal 
irritation follows. The treatment is evacuation, followed by the ad- 
ministration of demulcents. 

Chlorine g^ is of little practical value as an antiseptic. A num- 
ber of chlorine compounds are available, however, which slowly yield 
chlorine and can be used for disinfection. 

Hypochlorites 

Sodium, potassium, and calcium hypochlorites are employed. Solu- 
tions of si^ium hypochlorite are relatively unstable and should be 
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freshly prepared. They are employed in the treatment of suppurating 
wounds, being able to destroy bacteria and dissolve necrotic tissue. 
Hypochlorites in acid, alkaline, and neutral solutions were used in 
the treatment of infected wounds but have been largely displaced by 
antibiotic agents. 

Preparations 

Sodium Hypochlorite Solution^ Liquor Soda Hypochloritis, U.S.P. 
About 5 per cent NaClO. Caution: this solution is not suitable 
for application to wounds. (U.S.P.) 

Diluted Sodium Hypochlorite Solution, Liquor Sodii Hypochloritis 
Dilutus, N.F. (Liquor Sodae Chlorinatae Chirurgicalis, Modified 
Dakin’s Solution). NaOCl (about 0.48 per cent). It is an active 
germicide and antiseptic for infected wounds when used after 
free incision and cleansing by practically continuous irrigation, as 
in the Carrel technic. It dissolves necrotic tissues and thus helps 
to keep the wound clean. It dissolves silk ligatures and loosens 
catgut, and therefore it may cause secondary hemorrhage. It is 
practically nontoxic when used externally, but it should not be 
injected into the peritoneal cavity. 

Chlorinated Lime 

Chlorinated lime (bleaching powder) is a product consisting of a 
mixture of calcium hydroxide, calcium chloride, lime, and water. It 
contains about 30 per cent available chlorine, which is readily 
liberated, especially in acid solution 

2 C&OCl, = Ca(OCl), + CaCI, 

The calcium hypochlorite furnishes available chlorine while the cal- 
cium chloride has no disinfectant value. It is only partially soluble 
in water or alcohol. 

Chlorinated lime is quite irritant, and therefore not well adapted 
to local application to tissues. It is used as a deodorant and dis- 
infectant of excreta, as a bleaching agent, and in preparation of valuable 
germicidal chlorinated solutions. 

Chloramines 

The chloramines are compounds in which chlorine is linked to nitrogen 
in the form of available chlorine. According to Long, the chloramines 
are no longer used by surgeons. 

Preparations 

Chloramine-T, Chloramina^T, N.F. (Chloramine) [C,H 4 (CH,)(SO,N- 
NaCl).3H,0]. Soluble in water (1 to 7) and is decomposed by 
alcohol. Its actions are similar to those of Diluted Sodium 
Hypochlorite Solution, It is germicidal for infected wounds. 
Solutions of 1 to 2 per cent are used by continuous irrigation. 
Dichloramine-T, Diohloramina-T, N.P. (Dichloramine). Paratoluene- 
sulfondichloramide, C«H 4 .CH,.SO,NCl,. It contains about 29 
per cent of active chlorine. This preparation is insoluble in 
water but is soluble in paraffin hydrocarbons. It decomposes in 
air. This preparation exerts a sustained antiseptic action. It is 
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used ill solution in (jhloreosane (chlorinated paraffin) in con- 
centration of 2 to 10 per cent for diseases of the nose and 
throat. 

Chlorinated Paraffin, Parafflnum Chlorinatum, N. F. (Chlorcosane). 
Used as a solvent for dichloramiue-T which it ilissolves to form 
an 8 per cent solution. 

Chloroazodin Compounds 

Chloroazodin, Chloroazodinum, U.S.P. C 3 II 4 CI 2 N 0 . Contains from 37.5 
to 39.5 per cent active chlorine (Cl). Bright yellow needles or 
Hakes. It has a faint odor suggestive of cTilorine and a slightly 
burning taste. Solutions of chloroazodin in glycerin and alco- 
hol decompose rapidly on warming, and all solutions of chloro- 
azodin decompose on exposure to light. Very slightly soluble in 
water, sparingly soluble in alcohol. It is used as a disinfectant 
to the mucous membranes of the vagina, colon, and rectum in 
solutions of 1 : 2,000 in olive oil and for dressing, packing, or 
irrigating infected wounds and cavities in solutions of 1:3,300 
to 1 : 1,600 in aqueous solution. 

Chloroazodin Solution, Liquor Choloazodini, IJ.S.P. Contains, in each 
100 cc., 0.26 Gm. of Chloroazodin dissolved in glyceryl triacetate. 
Caution: Chloroazodin Solution should not come in contact with 
metal. (IJ.S.P.) It represents a 1:385 concentration of chloro 
azodin and is <liluted with 7.5 or 3 volumes of water to make 
1:3,300 or 1:1,600 aqueous .«solution, respectively, and with 4 
volumes of olive oil to make a 1 : 2,000 solution in oil. 

SFEBMATOCIDES 

Spermatocides are chemical agents used to kill or immobilize sper- 
matozoa before they gain access to the uterus. It is essential that 
contraceptive preparations should possess certain properties — they 
should be effective and they should be nontoxic; and, of course, the 
esthetic properties of contraceptive preparations are worthy of con- 
sideration. 

Spermatocidal Drugs. Vehicles. — The esthetic and chemical prop- 
erties of contraceptive preparations are «letermined, to a large extent, 
by the vehicle used for the incorporation of the spermatocidal agent. 
Jellies (water soluble), suppositories, pow«lers, tablets, and aqueous 
solutions are usually employed as vehicles and forms of administration. 

Jellies are most commonly u.sed for the incorjmration of drugs. 
Most of the spermatocidal jellies contain wetting agents wdiich are 
strong hydrophilic compounds. The efTectivene.ss of wetting agents 
is based on their power of reducing surface tension and lowering 
interfacial tension between solid and solvent, thus permitting rapid 
dispersion and penetration of the spermatocidal agent. 

The spermatocidal drugs generally used include acids, aluminum 
salts, hexylresorcinol, phenylmercuric acetate, oxy<|uinolin benzoate, 
and others. The cheapest and most effective agents are the acids. 
Lactic acid, and citric acid are effective in about 1 per cent con- 
centrations. The aluminum salts, such as potassium aluminum 
sulfate, are active by virtue of their ability to precipitate proteins. 
Hexylresorcinol is effective and harmless. Oxyqiiinoline sulfate is 
effective and commonly used. 

Glycerite of starch is used as a vehicle in many instances. Fre- 
quently, vegetable gums such as gum of tragacanth, gum acacia, gum 
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bassora, gum Karayo, and others are employed because glycerite of 
starch is quite irritating to spine individuals. 

Spermatocidal drugs may be incorporated in suiipositories such as 
cocoa butter and gelatin. Obviously, only those spermatocidal drugs 
which are miscible with suppository bases can be employed. Cocoa 
butter has the disadvantage of not mixing with solutions of water- 
soluble agents, and furthermore cocoa butter does not mix readily 
with vaginal secretions. 

Since some drugs incorporated in cocoa butter and similar fats are 
not availalilo for absorption or local activity, water-miscible bases 
have been developed. ^‘Monolene^^ or the stearic acid ester of 
a-propylene glycol, containing one-half per cent of either sodium or 
ethanolamine stearate, is used as an emulsifying agent. This base is 
smooth and not greasy to touch. The base may be used with either 
oil-soluble or water-soluble drugs and readily permits transfer of the 
drugs to the site of action. 

Powders may be used as vehicles for spermatocidal drugs. Starch 
an<l gum arabic are the most common. The drugs employed include 
boric acid, tannic acid, zinc sulfate, and others. These drugs are 
finely powdered, incorporated in the vehicle, and administered by a 
v'aginal insufflator or atomizer. 

Boric acid and oxyquinoline sulfate are often incorporated in ef- 
fervescent tablets ami used for contraceptiv'c purposes. The evolu- 
tion of carbon dioxide from the effervescent mixture is thought to 
form suflicient foam to delay passage of the spermatozoa mechanically 
and thus allow the active <lrug a longer period of time to act. 

Simple water solutions of sjiermatocidal drugs administered by 
douche are effective if promptly and projierly used. Tampons soaked 
in the spermatocidal agent ami placed in the vagina near the cervix 
are a siinjile ami efi’ective contraceptive procedure. 

INDUSTRIAL SKIN CLEANSERS 

Personal cleanliness is one of the most important preventatives 
of occupational dermatitis. Detergents remove dirt in various 
manners. Soap emulsifies oils, the alkali liberated when soap dis- 
solves acts as a grease solvent, soap also acts as a lubricant and 
allows dirt to be rubbed away, and finally, the hydrolysis of soap 
forms colloidal acid soap, which in turn forms colloidal adsorption com- 
pounds with the dirt. 

Alkali (such as sodium silicate, trisodium phosphate, etc.) is often 
added to soap to increa.se the free alkali content; water softeners — 
sodium hexametophosphatc, and sodium tctrapliosphate — are often added. 
Wetting agents are added to assist in the detergent action. 

Wetting agents lower surface tension of liquids, enabling them to 
spread over the surface and penetrate the pores. They also enable the 
solution to penetrate oily and waxy films, making the dirt more easily 
removable. The molecule of wetting agents is composed of two parts — 
one part attaches itself to the water molecule aud the other to the oil 
molecule. In this manner the wetting agent brings together the other- 
wise immiscible water and oil molecules. 

The principal synthetic wetting agents are: the long chain alcohol 
sulfonates, i.e., Duponal; the alkyl aryl sulfonates, i.e., Santomerse; 
the alkyl naphthalene sulfonates, i.e., Alkanol; sodium salts of the 
higher ^ulfosuceinates, i.e., Aerosol, 
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An industrial cleanser should be soluble in water, should remove fats 
and oils, should not extract fats from the skin, and should not be hard 
or irritant. The following is a typical example : 


n 

Neutral toilet soap 30 

Colloidal clay (bentonite) 30 

Santomerse 10 

Lanolin 5 

Perfume q.s. 

For soap* or alkali^sensitive workers: 

Santomerse (or other detergent) 20 

Lanolin 3 

Colloidal clay 76 

Perfume q.s. 

Liquid form: 

Neutral sulfonated castor oil 97 

Santomerse or Duponal 2 

Castor oil 1 


DETERGENTS 

The detergents include the common soaps and the synthetic de- 
tergents. Simple soaps are excellent detergents when in aqueous 
solution. However, winter must be considered the real cleansing 
agent, while soap, in lowering the surface tension of the water, 
assists in wetting the surface to be cleansed. Agitation loosens the 
dirt, grease and oil are dispersed, and the suds carries the waste 
away in the rinsing process. 

Soaps 

Soaps are prepared by saponifying fats or oils with alkalies. The 
consistency of the soap depends on the predominating acid and the alkali 
used. Soaps soften water by removing the calcium and forming the 
insoluble calcium soaps. Soaps are used for the manufacture of pills, 
liniments, and tooth powders. 

Preparations 

Hard Soap, Sapo Durus, U.S.P., B.P. (Soda Soap). 

Medicinal Soft Soap, Sapo Mollis Medicinalis, U.S.P., B.P. (Green 
Soap). Prepared from vegetable oil, oleic acid, glycerin, and 
potassium hydroxide. 

Camphor and Soap Liniment, Linimentum Camphorae et Saponis, U.S.P. 
Hard Soap (6%), camphor (4.5%) in rosemary oil, alcohol 
and water. Absolute alcohol content about 64 per cent. Linv 
mentum Saponis, B.P., soap liniment and about 4% camphor. 
Soft Soap Liniment, Linimenttm Saponis Mollis, U.S.P. (Tincture 
of Green Soap). Soft soap (65%) and lavender oil in alcohol 
(30%). 

Synthetic Detergents 

The most effective synthetic detergents are the cationic compounds 
(common soaps are anionic) such as benzalkonium chloride (Zephiran 
chloride), Phemerol chloride, and cetyl pyridinum chloride. 

These compounds are readily soluble in water and their aqueous 
preparations are strongly antiseptic against both Gram-positive and 
Gn^-negative bacteria, and for most nonsporulating bacteria and 
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fungi. They are, in general^ more effective against Gram^positive 
than against Gram-negative organisms. They have a low surface ten- 
sion and emulsify readily. Synthetic detergents are nonirritating 
and relatively nontoxic. 

Mode of Action. — These compounds differ in their activity for other 
antiseptics. One explanation of their action is that they interfere 
with the membrane equilibrium of the bacteria essential for its 
normal metabolism, and thus causes its destruction or inhibits its 
reproduction (Baker, 1941). The activity may be due, in part, to 
their surface and cation activities (Tice and Pressman, 1945). 


Benzalkonium Chloride 
(Zephiran Chloride) 

Benzalkonium chloride, U.S.P., is a mixture of high molecular, alkyl-di- 
methyl -benzyl-ammonium chlorides. The chemical structure is 


CH, CH, 

\ / 

CH,~-N 


ii 


-R 


in which B represents alkyl radicals ranging from C|H,t to C,aH„, as 
contained in the corresponding fatty acids of coconut oil. It is freely 
soluble in water, acetone, and alcohol, insoluble in ether, and sparingly 
soluble in benzene. 

Pharmacological Action. — Solutions of benzalkonium chloride possess 
a low surface tension, a property which enhances its penetrating ability. 
It also possesses excellent detergent, emulsifying, keratolytic, and 
emollient properties. 

Benzalkonium chloride solution possesses an antiseptic and germicidal 
action on bacterial organisms and fungi even in low concentration. The 
action is relatively nonselective. It has been shown to be especially 
active against hemolytic streptococci, pneumococci and staphylococci. 

Toxicology. — Benzalkonium chloride is of low toxicity and nonpoison- 
ous. It is also relatively nonirritating to skin and mucous membranes. 

Therapeutic Uses. — Because of the efficiency of benzalkonium chloride 
as a disinfectant, coupled with its nontoxic and nonirritating properties, 
it is indicated in many phases of medicine and surgery where skin and 
mucous membrane antisepsis is required. 

A 1:1,000 solution is indicated for use on skin preparatory to sur- 
gery. A 1:2,000 solution is useful for the disinfection of skin and 
mucous membranes in obstetrical and gynecological procedures. For 
bladder and urethral irrigations an aqueous solution of 1:20,000 is 
recommended. Benzalkonium chloride aqueous solution, 1:2,000 to 
1:3,000, has been found to be nonirritating to the conjunctiva. 

For disinfection of superficial wounds or traumatic injuries, a 1:1,000 
tincture (50 per cent alcohol, 10 per cent acetone) has been recom- 
mended. For the ear, nose, and throat aqueous solutions from 1:1,000 
to 1:10,000 concentration may be used. The tincture in 1:1,000 strength 
is indicated for various skin infections including pyoderma, folliculitis, 
impetigo, furunculosis, and other infections. 


Preparations 

Benzalkonium Chloride, Benzalkonii Chloridum, U.S.P. (Alkyldimethyl- 
benzylammonium Chloride). An amorphous powder mixture of 
alkyl dimethyl-benzylammonium chlorides used for the prepara- 
tion of the official solution. 
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Renzalkonium Chloride Solution, Liquor Benealkonii Chloridi, U.S.P . 
Dosage: Dilutions of 1:1,000 may be used on the unbroken skin; 
1:5,000 for denuded areas and mucous membranes of the eye or 
vagina; 1:20,000 for irrigation of the urinary tract. 

Phemerol Chloride (N.N.R.) is also a dimethyl benzylariimoriiiim chlo- 
ride, witli properties and uses quite similar to those ik^scribed for 
bcnzalkonium chloride. Tincture Fhcmcrol Chloride 1:500 uml 
Solution Phemerol Chloride 1:1,000 (aqueous) are pro|)osed as 
general j»urpose germicides and antiseptics. 

Celyhpyridinum Chloride (Ceepyrn), not official, is similar to the above 
preparations. Its aqueous solutions are acid. 


MISCELLANEOUS ANTISEPTICS 


Betanaphthol 

Naphthol (C,J1^0II) is a crystalline, antiseptic substance occurring 
ill coal tar, but usually prepared from naphthalene. It occurs in two 
forms: alphanaphthol and betanaphthol. 


OH 


/\/\ 



Alphanaphthol 


/\/\ 


on 


\/\/ 

Betanaphtliol 


Alphanaphthol is thought to be more antiseptic and also more toxic 
than l)ctnnaphthol. The beta- form, which is several times as germicidal 
as phenol, is the form used in medicine. It is a colorless or whitish 
crystalline powder slightly soluble in water (1:1,000), soluble in alcohol 
(1:8), and in oils. 

Action and Uses. — Betanaphthol is an antiseptic ami a para.siticide. 
It is rapidly absorbed from the intestinal tract. After absorption, a 
portion is broken down but the remainder is excreted by the kidney, 
partly oxidized to betanaphthoquinone and partly conjugated with gly- 
curonic acid. Betanaphthol first stimulates and then depresses the 
central nervous system. Large do.ses depress the heart. 

Toxicology. — If absorbed in large amounts it tends to destroy red 
blood cells and may cause nephritis. It may even produce changes in the 
retina and cause opacity of the lens. In case of poisoning, treatment 
consists of stomach lavage followed by the administration of saline 
cathartics. Since the drug is fat soluble, castor and other oils should be 
avoided. 

The drug may be used internally for diarrhea, intestinal indigestion, 
typhoid fever, and for the treatment of intestinal flukes. Internally, 
it is usually administered in capsules and followed by a saline purge. 
Externally, it may be used in the form of ointment, 1 to 10 per cent, for 
various skin diseases, as scabies, ringworm, psoriasis, seborrhea, etc. As 
an antiseptic, 1:1,000 aqueous solutions are recommended. 

In the treatment of scabies : 


Betanaphthol 

Precipitated Sulfur aa 2.00 Gm. (Sss) 

Petrolatum q.s. ad 80.00 Gm. (Sj) 

M. Sig.: Apply as directed. 
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Prepabation 

Betanaphthol, Betmaphthol. U.8.P., B.P. Dosage: 0.12 am. (2 grains). 

Iclithammol 

Ichthammol, or ammonium ichthosulfonate (introduced as ichthyol) 
obtained by the destructive distillation of a bituminous shale of 
Tyrol, This shale, which contains the fossil remains of fish, is an oil 
tar containing about 10 per cent sulfur. It is soluble in water and 
partly soluble in alcohol. 

Action and Uses, — It is thought to possess anodyne, anti gonorrheal, 
and antiseptic action, and has been recommended for phthisis, rheuma- 
tism, nephritis, gonorrhea, and for various skin diseases. There is no 
indication for its internal use. 

The skin diseases for which it is used are acne, seborrheic conditions, 
eczema, dermatitis, erysipelas, furunculosis, and psoriasis. Its use in 
those conditions is based on its penetrating and feebly antiseptic 
properties. In erysipelas a 10 to 20 per cent ichthammol in lanolin (ex- 
cellent adhesiveness) is used for its analgesic effect. Unna attributes 
its action to albumin precipitation. 

It is generally used in the form of an ointment, 10 to 50 per cent, 
or it may be mixed with light petrolatum. It is now used mainly on 
antiseptic and absorbent tampons for catarrh of the uterus and adnexa, 
(Compounds of ichthammol with albumin (ichthalbin) and wdth formal- 
dehyde (ichthoforra) have been prepared for internal administration. 
Although their odor and taste have been improved, the rationale of 
their use is in question. 

For psoriasis: 


n 

Salicylic Acid 3.0 Gm. (gr.xlv) 

CJhrysarobin 6.0 Gm. (3iss) 

Ichthammol 6.0 Gm. (Siss) 

Petrolatum q-.s. ad 120.0 Gm. (oiv) 


Make an ointment. 

Sig. : Apply to affected areas as directed. 

Preparations 

Ichthammol, Ichthammol, N.F., B.P. (Ammonium Ichthosulfonate). It 
yields 2.5 per cent of animoiiin. not more than S per cent of am- 
monium sulfate, and not less than 10 per cent of total sulfur. 
Dosage: 0.2 Gm. (3 grains). 

Ichthammol Ointment, Unguentum Ichihammolis, N.F. Ichthammol 
(10%) in wool fat and petrolatum. 

Benzyl Benzoate 

The introduction of benzyl benzoate is an important advance in the 
treatment of scabies, and it is particularly valuable where large numbers 
are infected. The ease and speed with which the application can be 
carried out, the absence of unpleasant effects, the rapidity of cure and 
the almost immediate relief from itching makes it a very satisfactory 
remedy. (I. F. Mackenzie, 1941.) 

Benzyl benzoate is an oily liquid, insoluble in water and glycerin. 
It is not used internally. The main therapeutic use is in scabies. 
Various procedures have been recommended. The following is satis- 
factory. 
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Procedure: 

Hot bath (soap and water). 

Dry skin and apply Benzyl Benzoate Lotion^ U.S.P., over entire 
body. 

Repeat application over badly affected parts at once. 

Put on previously worn clothing. 

Repeat bath and application second day with clean underwear. 

At end of second day put on clean clothing and change bedding. 

Preparations 

Benzyl Benzoate, Benzylis Benzoas, U.8.P. C, 4 H, 302 . Contains not less 
than 99 per cent. 

Benzyl Benzoate Lotion, Loiio Benzylis Benzoatis, XJ.S.P. Contains 
approximately 28 per cent of benzyl benzoate with triethanol- 
amine and oleic acid in water. Dosage: Applied topically, un- 
diluted. 

Saponated Benzyl Benzoate, Benzylis Benzoas Saponaius, U.S.P. Con- 
tains approximately 102 per cent of benzyl benzoate with tri- 
ethanolamine 2 per cent and oleic acid 8 per cent. 

Resorcinol 

Resorcinol, ''Resorcin,'* a meta-dihydroxyphenol, occurring as color- 
less, needle-shaped crystals or as a powder, is very soluble in alcohol 
(1:0.9), and in water (1:0.9). It is related to the other dihydroxy- 
phenols, pyrocatechin, and hydroquinone. Pyrocatechin and hydroquinone 
are little used in medicine. 

Pharmacological Action. — ^Resorcinol is antiseptic, antipyretic, and 
antipruritic. It is ahsorhed^ from the skin and gastrointestinal tract, 
and is excreted in the urine in combination with sulfuric and glycuronic 
acids. It has an antiseptic efficiency equal to that of phenol but is less 
irritant and caustic. Prolonged use is inadvisable because it forms 
methemoglobin and may result in collapse. A dose of 10 grains may 
cause vertigo, dizziness, and salivation. 

Therapeutic Uses. — Resorcinol is employed externally in skin dis- 
eases, and sometimes internally in gastric fermentation and in diarrhea. 
It is no longer used internally as an antifermentative. When 
employed internally it is best given in a solution and well diluted. 
Externally it is used both in solution and in ointments. It is employed 
as a 5 to 20 per cent ointment in psoriasis. It is used also in lupus, 
favus, herpes tonsurans, as a scalp wash for dandruff, and in various 
forms of eczema. Solutions of from 1 to 3 per cent, when applied 
externally, are astringent, and in concentrations of from 10 to 20 per 
cent they produce exfoliation of the epidermis. Caution: It discolors 
blond or auburn hair a greenish tinge. Citric acid removes skin dis- 
coloration. 

For Dandruff (Richard L. Sutton, Jr.). 

9 

Resorcinol Monoacetate 

Mercury Hydrochloride 

Alcohol (60%) 

M. Sig.: Apply as directed. 

Besordnol Monoaeetate, 0gH4(0H).(00CCH,), the monoacetio eater 
of resorcinol, is similar to that of resorcinol, but milder and more last- 
ing because of the gradual liberation of resorcinol. It is a viscous, lemon 


8.00 Gm. (3lj) 

0.06 Gm. (gr.j) 

q.8. 250.00 cc. (ftvilj) 
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yellow liquid, soluble in alcohol, acetone, and in many organic Bolvents. 
It is sparingly soluble in wa(er. 

Besorcinol monoacetate is used in the treatment of acne, sycosis, and 
particularly in the treatment of alopecia and seborrhea. It is applied 
in ointments of from 5 to 20 per cent and in acetone solution. For 
scalp lotions, alcoholic solutions of from 3 to 5 per cent are indicated. 

Preparations 

Resorcinol, Besorcinol, U.S.P., B.P. Dosage: 0.125 Gm. (2 grains). 
Strong Resorcinol Paste, Tasta Besorcinolis Fortis, N.F. (LasSar’s 
Stronger Resorcinol Paste). Resorcinol (20%), zinc oxide 
(20%), starch and light liquid petrolatum. 

Resorcinol Monoacctate, Besorcinolis Monoacetas, N.F. 


Hexylresorcinol 

Hexylresorcinol, C,Hg(OH),C«HM, is a pale yellow liquid or a 
crystalline solid with a pungent odor and disagreeable taste. It is 
almost insoluble in water; readily soluble in alcohol and in fixed oils. 

Action and Uses . — Hexylresorcinol is an antiseptic, germicide, and 
anthelmintic. (See Anthelmintics, Chap. VIII.) Some of its bactericidal 
action is due to its surface-tension-lowering ability. The presence of 
organic matter tends to decrease its germicidal action. In aqueous 
solution it is employed as a general antiseptic. It is marketed as a 
1:1,000 solution in glycerin and water. Occasionally some individuals 
exhibit sensitivity to its local application. 


Preparation 


Hexylresorcinol, Hexylresorcinol, U.S.P. 
(15 grains). 


Sulfur 


Dosage: Anthelmintic, 1 Gm. 


Sulfur is a yellow powder, of slight odor, and acid taste. It is 
insoluble in water, nearly insoluble in alcohol, slightly soluble in oils 
and fat solvents, and freely soluble in carbon disulfide. 

The use of sulfur and sulfur fumes in attempts to control the spread 
of infection antedates history. In the Odyssey, Ulysses used sulfur 
fumes ‘Ho free the air of its poison and to purify this palace." 
Hippocrates used sulfur as an antidote against plague. 

Pharmacological Action. — Sulfur has been used for a variety of 
purposes, but its chief use is as a fungicide and for the treatment of 
skin conditions. 

Mode of Action. — Sulfur itself is not toxic to bacteria, but must be 
converted to some other form to be active. The fungicidal activity 
has been attributed to the formation of hydrogen sulfide (H,S) and 
also to the formation of pentathionic acid (H,S,Og). Both of these 
substances possess germicidal and fungicidal properties. Sulfur also 
possesses keratolytic and parasiticidal action. 

Therapeutic Uses. — Internally, solutions of colloidal sulfur have been 
administered parenterally in the treatment of arthritis. Evidence for its 
usefulness and lack of toxicity is lacking. Sulfur-in-oil is a useful 
adjunct in the treatment of dementia praecox. 

Externally, sulfur is employed extensively in the treatment of parasitic 
skin diseases. It is frequently used in ointments. Precipitated sulfur 
is preferred, due to its fine state of division and its freedom from 
odor and taste. 



228 MATERIA MEDICA, TOXICOLOGY, AND PHARMACOLOGY 


Sulfur ointment, consisting of 15 per cent precipitated sulfur in wool 
fat, white petrolatum and yellow wax, is a reducing agent, astringent, 
and irritant. It is an effective antiacahious agent. It should be applied 
at night after a hot bath. Thomas states that the following prescription 
is most efficient for the treatment of scabies: 10 per cent for adults, 
5 per cent for children and 2.5 per cent for infants. The potassium 
carbonate helps to soften the epidermis. 

The prescription is: 

B 

Precipitated Sulfur 

Potassium Carbonate 

Petrolatum 

Mix and make an ointment 
Sig.: Apply freely with rubbing after hot bath morning and 
evening on three successive days. 

Patients should be forbidden to reapply the sulfur ointment without 
medical consultation, as a sulfur dermatitis may result. 

Jene rosacea responds well to treatment of Camphor-Sulfur (Darier), 
especially if there is considerable pustulation. It must be remembered 
that some rosacea patients cannot tolerate sulfur lotions, and Darier ^s 
sulfur ichthyol paste should be used instead. 

B 

Precipitated Sulfur 10.0 Gm. (Siiss) 

Camphor Spirit 20.0 cc. (f3v) 

Glycerin 5.0 cc. (fSii) 

Rose Water 

Water aa 45.0 cc. (fjiss) 

M. Sig.: Apply to face with cotton pledget at night. 

For the treatment of dermatomycosis a sulfur-salicylic ointment of 
the following composition is recommended : 

B 

Precipitated Sulfur 1.2 Gra. (gr.xx) 

Salicylic Acid 1.8 Gm. (Sss) 

Boric Acid 2.0 Gra. (3ss) 

Rose Water Ointment 4 .s. ad OO.O Gm. (3>j) 

Mix and make an ointir.eiit. 

Sig.: Apply as directed. 

This ointment is useful in the treatment of mycotic infection of the 
skin, alone or in combination with iodine. It may be used daily in 
tinea versicolor^ and will clear up the condition if persevered in. It 
mav he used twi/»e a day on alternate day« in Hnaworm of the feet. 

Wilkinson Omtment (Compound Sulfur Ointment) is useful in 
the treatment of borderline cases of psoriasis and in chronic seborrheic 
eczema. In chronic eczema it must be used with caution. 

Preparations 

PrcMiipitated Sulfur, Sulfur Praccipitatum, V.S.P., H.P. Made by pre- 
cipitating a solution of calcium sulfide with hydrochloric* acid. 
Dosage: 4 Om. (60 grains). 

Sulfur Omtment, Unguentum Sulfuris, U.H.P. Precipitated sulfur 
(15%) in wool fat, and white ointment. B.P. (10%). 

Sublimed Sulfur, Sulfur Subtimafum, U.S.P., B.P. Dosage: 4 Gm, 
(60 grains). 


3.0 Gm. (gr.xlv) 
3.0 Gm. (gr.xlv) 
30.0 Gm. (3j) 
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Compoiuid Sulfur Ointment, TJnguenium Sulfuris Compositwm, N.F. 
(Wilkinson's ointmenjt). Sublimed sulfur (15%), juniper tar 
smd precipitated calcium carbonate in soft soap and solid 
petroxoHne. 

Sulfurated Potash 

Sulfurated potash is a potassium polysulfide and thiosulfate mix- 
ture, soluble in water (1:2). It contains not less than 12.8 per cent 
sulfur combined as sulftde. 

Action and Uses , — In moist air, ointment, or solution, it gfives off H,S 
which may be partially masked by the addition of a volatile oil. It is 
used for its astringency to dry up moist eczema. Its alkalinity makes 
it useful as a keratolytic agent in psoriasis. 

It is employed externally for various skin diseases, such as psoriasis, 
scabies, and ringworm. It is used in ointments, lotions, and baths either 
alone or with other substances. Its chief use in pharmacy is in making 
White Lotion, N.F. 

Preparations 

Sulfurated Potash, 2*oUissa Sulfurata, N.F., H.P. Chiefly polysiilfides 
and thiosulfate. 

White Lotion, Lotio Alba, N.F. Zinc sulfate and sulfurated potasli 
(each 4%) in distilled water. Note: The Lotion should be 
freshly prepared and shaken thoroughly before dispensing. 

Dichloro-diphenyl-trichloroethane 

(DDT) 

Dichloro diphenyl trichlorotdhane (DDT) wa.s synthesized by Oth- 
mar Zeiller, 1S74. It was introduced as an insecticide by Geigy 
of Dasel. It is a line powder of faint floral odor, insoluble in water 
but soluble in many organic solvents. It is rather inert chemically, 
does not volatilize to any extent, ami rea<lily adheres to surfaces. 

DDT rates high in destroying domestic flies, mosquitoes, fleas, 
ticks, bedbugs, lice, etc. Due to its high insecticide activity it is 
effective in controlling the spread of such diseases as dysentery, dengue, 
filariasis, malaria, typhus, and others. 

This drug can be absorbed from the respiratory and alimentary 
tracts, and from oily solutions through the skin. After fatal doses 
in animals it is found mostly in the perirenal fat, and some in the 
liver, .spleen, niuscde, brain, blood, and bile. It is not found in the 
urine, and that in the feces may be unabsorbed. 

Toxicology. — DDT is relatively non toxic for man. Occjisional con- 
tact is not harmful, but large do.ses produce serious toxic symptoms in 
animals. 

Clinical symptoms in mild cases include nausea, vomiting, and sore 
throat for several days (Smith, 194(»). Fatal poisoning in a child 
occurred from ingestion of 150 mg. per Kg. 

Treatment . — If swallowed, lavage the stomach and give saline 
cathartics. Phenobarbital may be given for nervous manifestations. 

Therapeutic Uses. — In scabies DDT increases the effectiveness of 
benzyl benzoate. The Army found the following mixture effective. 


H Per Cent 

llenzvl Benzoate 10 

DDT — 1 1 

Procaine Hydrochloride 2 

Ethyl Alcohol q.s. 
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Procedure: Patient is given shower and sprayed from chin to toes 
with above mixture. The patient puts on clean clothes and is allowed 
no bath until the next day. The next day he is sprayed again and is 
instructed not to bathe for twenty-four hours. This treatment is 
reported to be effective in 97 per cent of the cases. 

Head Louse Jn/estatton.— AHowan, 1947, reported that a dust of 10 
per cent DDT and 90 per cent pyrophyllite is most effective in treat- 
ing this condition. In the same concentration, DDT is used with great 
effectiveness against puhio lice and against body lice. For body lice it is 
sprinkled upon the clothing. 


Kitrofurasone 

Nitrofurazone, 5-nitro 2-furaldehyde semicarbazone is a synthetic 
antibacterial substance advanced by Dodd and Stilhiian, 1946. 

This preparation was introduced under the trade name Furaciii. It 
is inhibitory to bacteria in 1:200,000 concentrations and bactericidal 
in 1:50,000. It is not essentially fungicidal. It acts against both 
Gram-positive and Gram-negative bacteria, and is effective in the 
presence of serum, blood, and other body fluids. 

The drug is relatively nontoxic. Man tolerates 2 Gm. daily tor 
long periods of time. Occasionally, symptoms of nausea may appear. 

Nitrofurazone is used for a soluble dressing in concentration of 0.2 
per cent in carbowax and propylene glycol, liquefying at body tem- 
perature and miscible with water. A 0.5 per cent solution is used 
for a topical solution. 
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CHAPTER VIII 


ANTISEPTICS, DISLNFECTANTS, AND 
ANTI-INPECTIVES 

II. ANTI-INFECTJVES 


SULFONAMIDES 


The development of sulfonamide therapy represents one of the most 
dramatic and successful achievements in medicine. The sulfonamide 
drugs quickly passed through the developmental stage and now hold 
a position of highest importance among our chemotherapeutic agents. 

Historical. — Unfortunately, space will allow only a brief recitation 
of the fascinating history as.sociated with the origin of the.se com- 
pounds. As early as 1908, Gelmo synthesized the compound sulfa- 


nilamide (para-amino-benzene-sulfonamide), NHj 



H,NSO,. 


He knew nothing of its therapeutic properties which were lo be seriously 
exploited a quarter of a century later. In the following year, 1909, 
Hdrlein stated that, according to Domagk, these dyes posses.sed bac- 
tericidal action on hemolytic septicemia in mice. Ten years later Heidel- 
berger and Jacobs stated again that some of the azosulfarnido com- 
pounds which they were studying appeared bactericidal in vitro. 


N- 






on 


NH. 


NaSO, 


' ' isONa 

\/\/ ‘ 


V 

bOjNH, 


Pronlosil 


N«*oprontosil 
( Prontosil-Soluble ) 


In 1932, Mietzsch and Klarer obtained a patent on a substance called 
prontosil. Later in the same year Mietzsch and Klarer, in association 
with Domagk, obtained a patent on the substance known as prontosil- 
soluble. That same year Domagk demonstrated that mice could be pro- 
tected against fatal doses of streptococci with prontosil, but it was not 
until 1935 that he published a report on his epoch-making discovery. 
A few months later Trdfoudls and associates pointed out that para- 
amino-benzene-sulfonamide (sulfanilamide) was apparently the active 
part of the molecule with which Domagk worked. This amazing dis- 
covery opened the way for extensive experimental and clinical studies. 

In 1936 Colebrook and Kenny presented conclusive evidence that 
prontosil was effective in human streptococcic infection.s and later they 
proved that it was of value in the treatment of puerperal sepsis. Other 
English workers (Buttle and associates) confirmed this work and, 
furthermore, they were able to protect mice against ineningococcic in- 
fections with^this compound. 
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Later in 1936 Perrin H. Long and his associate, Eleanor A. Bliss, re- 
ported on extensive experimental and clinical studies in this country. 
£. K. Marshall, Jr., and his co-workers have also contributed outstanding 
work relative to the sulfonamide compounds. Various investigators 
have developed and experimented with many new derivatives. Some 
do not appear to have any real advantage, while others are of definite 
value and have been introduced clinically. 

Pharmacological Action. — For the intelligent use of the sulfonam- 
ide drugs it is essential for the physician to have an accurate knowledge 
of their pharmacology. A knowledge of factors concerned with their 
rate of absorption, degree of conjugation, ability to diffuse, and rate 
of excretion is vital to successive therapy. Besides an understanding of 
the pharmacological action of these drugs, it is also essential to under- 
stand their mode of action. 

Absorption and Excretion , — Most sulfonamide drugs are absorbed 
more or less readily from the gastrointestinal tract, the speed varying 
with the compound. Eectal absorption is poor, but systemic effects may 
be oVitained with solutions containing two or throe times the oral dose. 
Absorption takes place to some degree wherever the compounds are ap- 
plied, as skin, mucous membranes, peritoneal cavity, and when given 
intramuscularly. 

Excretion occurs chiefly in the urine, partly free, partly conjugated, 
varying with the compound u.sed. The lapid rate of excretion, the rela- 
tively large amounts involved, and the low solubility, attend to favor 
precipitation of microcrystals of these drugs in the kidney tubules. 
In some instances the tubules are actually blocked, resulting in kidney 
damage, anuria, and finally death. 

Distribution . — Once absorbed, these compounds are notable for their 
distribution throughout all the tissues and body fluids in concentration 
closely approaching that in the blood. Minor exceptions to this are the 
poor penetration of sulfathiazole into the spinal fluid and the higher 
concentration of sulfapyridine found in the liver. It is evident that the 
sulfonamides circulate in a diffusible state, unattached to the body pro- 
teins, a condition ideal for penetration in bacteria. It is interesting that 
the tissues show a lack of tolerance to these drugs and there is a 
tendency to produce irritating effects when applied locally. The dif- 
fusive mechanisms of the body are not appreciably affected. 

Drugs excreted in the urine are partly free and partly acetylated. 
A part is destroyed in the body and a small amount is temporarily 
fixcil in the liver and kidneys, Vhemical change is usually acetylation 
resulting in the formation of an acetylsulfonamide. The following 
equation represents the conjugation of sulfanilamide: 



free sulfanilamide 


H H 

I I 

CH,OC— N— H 
conjugated or acetylated sulfanilamide 


Acetylation is of clinical importance because the acetyl derivative 
is without clinical effect, yet its solubility in urine may vary from the 
original compound. Acetylsulfadiaziiie is more soluble in urine than 
diazine; on the other hand, acetylsulfathiazole is less soluble than 
sulfathiazole. 

Mode of AetUm . — It is now generally agreed that the primary action 
of the sulfonamide drugs is one of bacteriostasis, that is, thev cause a 
diminution in the rate of growth of the bacteria, probably by in- 
hibition of certain respiratory enzymes. They apparently exert 
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this antibacterial effect by interfering with the normal metabolism of 
the bacterial cell* However, if the drug is present in sufficiently high 
concentrations, as occurs following local application of the drugs, an 
actual bactericidal effect may be noted on susceptible microorganisms. 
There is some evidence that a secondary factor, mainly a phagocytosing 
effect, constitutes an important mechanism in eliminating the infection. 

Para'aminobenzoic Acid, — Competitive interference with the utiliza- 
tion of para-aminobenzoic acid by the bacteria has been considered 
another fundamental mechanism. Woods, in 1940, discovered that 


p-aminobenzoic acid was the substance in bacterial cultures which 
was capable of neutralizing the effect of sulfonamides. The similar- 
ity in structure between the sulfonamides and p-aminobenzoic acid 
gave a clue to a possible mechanism of action. 

NH, 


NU, 

V 

1 


yL 

NH, 



Sulfonamide 


p-aminobenzoic acid 


Para-aminobenzoic acid is believed to be the essential substance 
necessary for normal cell metabolism. The presence of sulfanilamide 
or one of its derivatives in the media would block the reaction 
utilizing p-aininobenzoic acid and thus exert its bacteriostatic 
action. 

Toxicology. — Every physician who uses the sulfonamide drugs 
should become acquainted with their toxic manifestations. 

The toxic effects of the sulfonamide drugs follow a general pattern 
for the whole group with some differences between the individual drugs. 
Fortunately, the number of fatal responses is relatively small when com- 
pared to the widespread use of these compounds. 

Toxic manifestations may be divided into two groups: (1) Those 
reactions common to all the sulfonamides and which are due to direct 
poisoning of certain systems in the patient. These reactions may be of 
minor importance or of a serious nature. (2) The second deals with 
sensitivity. The sulfonamide drugs may sensitize the tissues of patients, 
and following a subsequent administration more or less severe toxic 
reactions may occur. 

Minor Toxic Beactions, — Nausea and vomiting are commonly associ- 
ated with sulfonamide therapy. The reaction is not due to gastric 
irritation but is the result of an effect on the central nervous system. 
Sulfapyridine, sulfanilamide, sulfathiazole, and the diazines are the 
chief offenders, in the order named. Cyanosis is an alarming manifesta- 
tion following sulfonamide therapy, but it clears up rapidly when the 
drug is discontinued. It is due primarily to methemoglobin formation 
or to the temporary formation of some other blood pigment in the 
red blood cells. C^fnnosis rarely occurs with sulfathiazole or the di- 
azines but is extremely common with sulfanilamide therapy. Dizziness, 
mental lapses, lack of coordination, toxic psychoses, etc., are common 
during smfanilamide and sulfapyridine therapy, but are relatively 
'-rare daring sulfathiazole and diazine therapy. 

Other tokic manifestations such as microscopic hematuria, crys- 
talluria, mild anemia, stomatitis, and swollen joints are usually of a 
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mild nature and may not require stopping administration of the drug. 
If anemia or jaundice is caused by the disease which is being treated, 
do not withdraw the drug. 

Serious Toxic Beactions. — Drug fever is a common toxic reaction as- 
sociated with sulfonamide therapy, especially with sulfathiazole. It 
probably appears as the result of a sensitization of the patient. The 
diazines are the least liable to produce this toxic reaction. 

Skin rashes of various types, with and without fever, may result 
from sulfonamide therapy, especially with sulfathiazole. The diazines 
rarely produce this condition. 

Sensitization of the individual is an important etiologic factor. 
Photosensitization is also important. Skin rashes may be of little 
consequence, but in some instances they may progress to severe and even 
fatal conclusion, even though therapy has been discontinued. 

Anemias may occur and may be serious or of little consequence. 
Mild manifestations of hemolytic anemia are quite common during sul- 
fanilamide or sulfapyridine therapy. Probably no permanent damage 
results. Deaths have been reported in some instances when the offend- 
ing drug has not been discontinued. Hepatitis is rare but has been 
reported during sulfonamide therapy. In fatal cases a picture similar 
to that seen in acute yellow atrophy has been reported. 

Agranulocytosis generally occurs when treatment is continued beyond 
the twelfth day. This toxic reaction is responsible for the majority 
of fatalities from sulfonamide therapy. Apparently it is not based 
on any special sensitization of the tissues. Sulfapyridine is the great- 
est offender, while sulfathiazole or the diazines rarely cause this con- 
dition. 

Peripheral neuritis may occur, and it is interesting that it usually 
occurs in patients receiving sulfonamide derivatives containing methyl 
groups. The offenders have been dimethyl sulfanilyl sulfanilamide, 
raonomethyl sulfanilyl sulfanilamide, and sulfamethyl-thiazole. Sulfa- 
merazine does not produce this reaction. 

A survey (Long, 1948) indicates that incidence of serious reactions 
(acute hemolytic anemia, agranulocytosis, drug fever, hematuria, leuko- 
penia, toxic hepatitis, etc.) with the four most common drugs is as 
follows : 

PER CE.NT 


Sulfathiazole IS.fi 

Sulfapyridine 15.9 

Sulfanilamide 11.9 

Sulfadiazine 6.5 


The frequency of fatal sulfonamide toxicity makes it necessary to 
consider all possible measures useful in reducing the reactions. Em- 
phasis should be placed on early diagnosis and early treatment. 
Early recognition of serious toxic symptoms, follow^ed by prompt 
cessation of drug therapy and forced fluids is of considerable im- 
portance. Symptomatic treatment may also save some patients. The 
frequency of sulfonamide toxicity makes it necessary to consider whether 
the beneficial results of sulfonamide therapy are sufficient to justify the 
risk of serious toxic reactions. 

All patients taking sulfonamides should be seen daily, if possible, 
and examined for pallor, rash, and mouth lesions. If they are tak- 
ing large doses of sulfadiazine, sulfathiazole, sulfamerazine, or 
sulfapyrazine, the urine should be examined directly for crystals, 
and microscopically for red blood cells if crystals are present. A 
hemoglobin estimation and a white blood cell count should be made 
at least once a week. 
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It is desirable that sulfonamide blood content balance should be 
frequently checked in order to maintain a level adequate for ther- 
apeutic effects without incurring unnecessary toxic manifestations, 
A method by Bratton and Marshall may be found in J. Biol. Chem. 
128: 537, 1939. 

The antidote for sulfanilamide or any of its derivatives is water, and 
it should be administered by mouth or by intraveno^is injection of 
physiological saline with glucose. Force fluids to 6,000 co, to wash out 
the offending agent and the toxic symptoms will subside. 

Sensitivity. — Some of the reactions occur on the basis of hypersensi- 
tivity of the patient to the drug. Such sensitivity to the drug may 
exist even though there is no history of the drug ever having been 
administered. Occasionally a person becomes sensitive to one or more 
drugs following use; a number of patients may even show a sensitivity 
to all the sulfonamide drugs. Sulfathiazole shows a marked tendency to 
sensitize, sulfanilamide a moderate tendency, while sulfapyridine and 
sulfadiazine show but a slight tendency. The physician may test a 
drug sensitivity by administering a small oral dose (1.5 to 4.5 grains) 
and observe the patient for ten to twelve hours for such reactions as 
nausea and vomiting, severe headache, fever, and rash. 


THE INDIVIDUAL SULPONAMIDBS 


Succinylsulfathiazole 


Succinylsulfathiazole occurs as a white crystalline, almost tasteless 
powder, very slightly soluble in water, soluble in dilute alkali. The 
formula is: 
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This compound resembles sulfathiazole, but little is absorbed from 
the intestinal tract. It is used for the treatment of infections of 
the intestinal tract, and is considered safer than sulfaguanidine. 
The drug itself possesses little antibacterial action, however, a small 
amount is slowly hydrolyzed to give free sulfathiazole. 

Therapeutic Uses. — It is employed for prophylaxis in intestinal op- 
erations, and for the treatment of acute bacillary dysentery, and on 
carriers of these bacteria. The dosage is 0.25 Om. per kilo of body 
weight by mouth, followed by a maintenance do.se of 0.25 Gm. per kilo 
daily in six equal portions at four-hour intervals. Postoperative, 0.25 
Gra. per kilo daily for one to two weeks. 

Bacillary Dysentery. — Usually sulfadiazine, which is highly ef- 
fective against Shigella organisms, is given in an initial do.se of 2 to 
4 Gm. followed every four to six hours by 1 Om. Continue treatment 
for two days after clinical recovery. If stool cultures are still posi- 
tive, substitute succinylsulfathiazole in doses of 2 Gm. four times a day. 
The latter seems more effective in carrier infections. Jtemembcr that 
in very severe cases antidysenteric serum may be the treatment of 
choice. 

Preparations 

Succinylsulfathiazole, Succvnylsulfathiazolwn, U.S.P. 0,aH„N;,OsS,.H,O. 
Succinylsulfathiazole Tablets, Tabellae Succinylsulfathiazoli, U.S.P. 
Dosage: 2 Gm. (30 grains) succinylsulfathiazole, usually avail- 
able in tablets containing 0.3 and 0.5 Gm. 
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Sulfadiazine 

Sulfadiazine occurs as a <vhite, nearly o<lorless powder, stable in air, 
very slightly soluble in water, and sparingly soluble in alcohol. The 
structural formula is ; 

o n 

/==\ II I 
o 

Sulfadiazine is the i>r€*ferred sulfonamide drug. It is almost as 
effective as sulfathiazole and its toxic manifestations are appreciably 
less. It has the advantage of uniform absorption, sustained blood 
(joncent ration, and relatively low acetylation. As with all the sul- 
fonamides, an initial dose of from 2 to 4 Gm. is necessary, with 
maintenance doses of 1 Gm. every four to six hours. A blood con- 
centration of i) to 10 mg. per cent is iinlicjited for mild infections, and 
one of 15 mg. p(*r cent, or more, is desirable in severe infections. 

Absorption of sulfadiazine from the gastrointestinal tract is slower 
and less complete than with sulfathiazole or sulfanilamide. Sulfa- 
diazine does not pass readily into the body tiui<ls and tissues as does 
sulfanilamiile. It is found in pleural, seminal, prostatic, pericardial, 
and synovial fluids in from three-tifths to three-quarters of the con- 
centrations found in the Idood. It passes readily into the spinal fluid 
and is found in the bile, sweat, milk, and vitreous and aqueous humors. 
Probably about 50 per cent of the circulating sulfadiazine is bound 
to tlie plasma proteins. It does not penetrate the red blood cells easily. 
Clinically, it is rarely ni*c«‘ssary to determine total sulfadiazine in the 
blood of a patient as it is not acetylate<l by the tis.sues to any great 
extent. Due to the slow excretion of sulfadiazine in normal individuals, 
the drug may accumulate in the bloo<i and tissues unless the dosage is 
adjust<*d carefully. Less acetylated sulfa<liazine is found in the urine 
than sulfanilamide or sulfathiazole. Sulfadiazine and the conjugated 
form are not very soluble and tend to precipitate out in the urine. 
Thus, crystalluria is common, while formation of calculi is less common 
than with sulfathiazole medication. It is important, however, in sulfa- 
diazine therapy to have an adequate fluid intake. 

Toxic reactions are relatively infrequent, occurring in about 8 per 
cent of the patients. Penal manifestations are the most frequent. 
Nausea, vomiting, fever, and cyanosis are rare. Hemolytic anemia 
and agranulocytemia are extremely rare. No acidosis occurs. 

Therapeutic Uses. — Sulfadiazine is useful in the treatment of se- 
vere hemolytic streptococcic, pneumococcic, meningococci, staphylo- 
coccic, and Eschtrichia coH tissue infections. Dosage: 2 Gm. (U.S.P.). 
The initial dosage is ordinarily calculated on the basis of 0.05 to 0.1 
Gm. per kilogram of body weight; subsequent doses are usually one- 
third to one-fourth of the initial dose, given at four-hour intervals, 
depending on blood sulfadiazine concentration. 

Sodium Sulfadiazine has the same therapeutic activities and prop- 
erties as does sulfadiazine. The soluble sodium salt can be given intra- 
venously when the drug cannot bo given orally. The sterilized salt is 
made up in 5 per cent solution of sterile distilled water for injection 
in quantities to be checked by blood level determinations to avoid un- 
due high concentrations. 
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Preparations 

Sulfadiazine, Sulfadiasrinum, XJ.S.P. CwHj^^OjS. Dosage: 2 Gm. 
(30 grains). 

Sulfadiazine Sodium, Sulfadiaeinum Sodicum, U.S.P. A water-soluble 
sodium compound of sulfadiazine. Dosage: 2 Gm. (30 grains). 
Intravenous initial dosage is calculated on the same basis as for 
oral administration, not to exceed a total of 5.0 Gm.; subsequent 
doses are based on 0.05 Gm. per kilogram of body weight given 
at twelve-hour intervals. 

Sterile Sulfadiazine Sodium, Sulfaduusinum Sodicum Sterile, U.S.P. 
(Sterile Sodium Sulfadiazine). Meets the requirements of the 
Sterility Tests for Solids, U.S.P. Dosage: Intravenous, 2 Gm. 
(30 grains) adjusted in accordance with the body weight. 
Sulfadiazine Tablets, Tahellae Sulfadiasini, U.S.P. Dosage: 2 Gm. 
(30 grains) sulfadiazine. 

Sulfaguanidine 

Sulfaguanidine occurs as a white needle-like crystalline powder. It 
is nearly odorless and is stable in air. It is slightly soluble in water 
(1:1,000), sparingly soluble in alcohol, freely soluble in dilute mineral 
acids, and insoluble in sodium hydroxide. The structural formula is: 

O 

^ ^ II ^Nir. 
o 

The drug is quite soluble in the intestinal contents, but is not read- 
ily absorb^ so that its blood level rarely exceeds 5 mg. per 100 cc. 
It is used primarily for local action on the intestinal tract. The drug 
offers no special advantages over succinylsulfathiazole or sulfuthiazole 
as an intestinal antiseptic. 

Toxio reactions are relatively rare. About 10 per cent of the patients 
have been reported to develop fever. Severe manifestations with rash 
and hematuria have been reported. 

Therapeutic Uses. — It is used as a prophylaxis in colonic surgery, 
0.05 Gm. per Kg. of body weight, every eight hours, day and night for 
five days before, and seven days after, the operation. It may also be 
used in the treatment of bacillary dysentery but is not the drug of 
choice. 

Preparations 

Sulfagpianidine, Sulfaguanidinum, U.S.P. CtHjoN^OjS.IIjO. Dosage: 
2 Gm. (30 grains) orally. 

Sulfaguanidine Tablets, Tabellae Sulfaguanidini, U.S.P. Dosage: 2 
Gm. (30 grains) sulfaguanidine. 

Sulfaxneraziue 

Sulfamerazine occurs as a white, odorless, crystalline powder, 
stable in air and very slightly soluble in water and in alcohol. It 
is readily soluble in mineral acids and in alkalis. The structural 
formula is: 


O H 
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Sulfainerazine is a more rapidly and completely absorbed, but more 
slowly excreted, sulfonamide derivative than sulfadiazine. It is capable 
of producing effective blood concentration with about one-half the 
amount required by sulfadiazine. Blood concentrations of 10 to 15 mg. 
per 100 cc, are recommended. 

The low excretion rate of sulfamerazine is explained by the fact 
that it is reabsorbed by the renal tubules. Sulfamerazine passes into 
the body fluids and tissues to approximately the same degree as does 
sulfadiazine. It passes into spinal, pleural, synovial, pericardial, 
prostatic, seminal, ascitic and edema fluids in about one-half to three- 
quarters of the concentration noted in the blood. It does not pass into 
the brain, fat, or bone readily. 

Sulfamerazine is not acetylated to any great extent; hence it is usu- 
ally unnecessary to determine the total concentration of the drug in the 
blood during treatment. The slower rate of excretion, however, tends 
to concentration of the drug in the blood, especially in individuals who 
have decreased renal function. 

Toxic Beactions. — It is well tolerated; nausea and vomiting, etc., 
occur about as frequently as with sulfadiazine. It is less likely to 
cause crystalluria than sulfadiazine because of its greater solubility 
in neutral or acid urine. 

Therapeutic Uses. — Sulfamerazine is indicated for the same con- 
ditions ns sulfadiazine. The dosage: to keep the blood level at 10 
to 15 mg. per 100 cc. starts with an initial dose of 3 or 4 Gm., followed 
by 1 Gm. every eight hours, continued for seventy-two hours after 
temperature has returned to normal, unless there are toxic reactions. 

Preparations 

Sulfamerazine, Sulfamerazimim, XJ.S.P. Dosage: 2 Gm. (30 grains) 
orally. 

Sulfamerazine Tablets, Tahrllae Sulfamerazini, XJ.S.P. Dosage: 2 Gm. 
sulfamerazine (30 grains'). 

Sulfamerazine Sodium, Sulfamerazinum Sodiam, XJ.S.P. Dosage: An 
initial intravenous dose calculated on the basis of 0.05 Gm. per 
kilogram of body weight is sufficient to produce a drug concentra- 
tion of 15 to 20 mg. per hundred cubic centimeters of blood ; sub- 
sequent doses should be based on 0.25 Gm. per kilogram given at 
twelve-hour intervals, but oral administration with sulfamerazine 
should be resumed as early as possible and blood levels checked 
to avoid a blood concentration in excess of 15 mg. per cent. 
Sterile Sulfamerazine Sodium, Sulfamerazinum Sodicum Sterile, XJ.S.P. 
Meets the requirements of the Sterility Test for Solids, XJ.S.P. 
Dosage: Intravenous, 2 Gm. (30 grains), adjusted in accordance 
with the body weight. 


Sulfanilamide 

Sulfanilamide occurs as white odorless crystals or a crystalline 
powder. It is soluble in water (1:125) and alcohol (1:37). The struc- 
tural formula is : 


O 



This sulfonamide was one of the first developed as a chemotherapeutic 
agent; now, it is partly superseded by less toxic derivatives. It is 
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rarely used today for systemic administration. Saturated aqueous solu- 
tions contain approximately 800 mg. per unit at 25° C., while human 
serum at 37® C. can hold nearly 2,000 mg. per cent in solution. 

Sulfanilamide when given by mouth passes readily from the gastro- 
intestinal tract to the body fluids, blood, and tissues. It is evenly 
distributed to all body tissues and fluids with the exception of the 
brain, fat, and bone. It passes readily into the spinal, synovial, peri- 
cardial, prostatic, and seminal fluids, and also into the vitreous and 
aqueous humors. About 23 per cent of circulating sulfanilamide is 
bound by the plasma proteins. The drug penetrates red blood cells 
easily. About 10 to 20 per cent of circulating sulfanilamide is 
acetylated (conjugated). It is readily excreted in the urine if kidney 
function is not impaired. In decreased kidney function care must 
be exercised to adjust the dose of the drug. Crystalluria and calculi 
formation are of little concern clinically during sulfanilamide therapy. 

Toxic Beactions. — The use of sulfanilamide for local application, 
originally promoted because of the ease w^ith which high local con- 
centrations could be secured, is gradually falling in disfavor because 
of the danger of causing sensitizjition in the host and resistance in 
the infecting bacteria. Sulfanilamide has a tendency to induce granulo- 
cytopenia, therefore administration should be watched carefully be- 
tween fourteen to forty days after starting treatment. 

Many patients receiving sulfanilamide will have symptoms of nervous 
disturbances such as headache, <lizziness, nausea, vomiting, mild depres- 
sion or elations, and occasionally severe toxic psychoses. Most patients 
show some cyanosis but this does not require that the drug be stopped. 
Rashes and drug fever are not infrequent. Acidosi.s may occur but 
the routine use of bicarbonate generally prevents this complication. 
Acute hemolytic anemia and severe leukopenia may occur. 

Tlierapeutic Uses. — It remains the .'*ulf on amide of choice in the 
treatment of chancroid infections. It i.s second to sulfadiazine or sulfa- 
merazine in the treatment of aerobic hemolytic streptococcic infections. 
It probably has little action on staphylococcic infections. 

Dosage: For serious infections the dosage of .«iulfanilnmide should 
be such as to maintain fairly constantly an effective concentration of 10 
mg. per 100 cc. of blood. .Start administration with 1 Gm. every four 
hours for adults, totaling 6 Gm. per day; after forty-eight hours this is 
reduced to 0.5 to 0.66 Om. every four hours, totaling 3 to 4 Om. per 
day. Continue the dosage for several days after clinical recovery; 
in gonorrhea, for at least two weeks. In milder infoction.s, the daily 
dosage may be 3 to 4 Gm. from the start. The usual dosage for in- 
fants is to children V 2 to % of the adult dose. Restrict fluids 

to 4 liters per day. Administer sodium bicarbonate in one-half the 
quantity of sulfanilamide. 


Preparations 

Sulfanilamide, Sulfanilamidum, U.8.P. Contains not less than 09 per 
cent of C,H*0,NjS. Dosage: 2 Gm. (30 grains). The initial 
peroral dose is based on 0.1 Gm. per kilogram of body weight; 
subsequent doses of one-sixth that amount at four-hour intervals 
and according to the blood concentration. Hubcutaneous doses are 
the same but administered at six- to eight-hour intervals. 

Sulfanilamide Tablets, Tdbellae Sulfanilamidi, U.S.P. The usual sizes 
contain 0.3 Gm. and 0.5 Gm. 
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Sulfapyrazine 

Sulfapyrazine occurs as an odorless, tasteless white crystalline 
powder. It is soluble in alkaline solutions and in mineral acid solu* 
tions. It is slightly soluble in alcohol. The structural formula is; 


O H 



Sulfapyrazine is an isomer of sulfadiazine. It is absorbed and 
excreted rather slowly; the blood level rises gradually. Conjugation 
is relatively small. Its efficiency is similar to that of sulfadiazine. 

Toxic Beactions. — Side reactions are much like that for other 
sulfonamides. Its toxicity is similar to that given for sulfadiazine. 

Therapeutic Use. — Sulfapyrazine is probably as effective as sulfa- 
diazine in the treatment of pneumococcal, hemolytic streptococcal, 
and B, coli infections. It appears to be efre<^tive against Shigella 
paradysenteriae, even when these fail to respond to other sulfonamides, 
and in the presence of meningococcic meningitis. 

The dosage aims to obtain a blood concentration of 5 to 12 mg. per 
100 <*c. The starting dose is 2 to 4 (im., followed by I Gm. every four 
to six hour.s. In severe infections, sulfapyrazine sodium may be given 
by vein. Dosage: Htart with 0.05 Gin. per Kg. of body weight ad- 
ministered as a 5 per cent solution. Give subsequent doses of 0.025 
Gm. per Kg. at eight- to twelve-hour intervals. The blood concentration 
of 15 mg. per 100 c<*. should not be ex<*<‘edcd. 

Pkecakatiox 

Tablets Sulfapyrazine, N.N.R. Dosagt : 0.5 Gm. (7^{> grainsb 

Sulfapyridine 

Sulfapyridine occurs ns a white crystalline tastelcs.s powder, sparingly 
soluble in water, freely soluble in dilute mineral acids and in alkalis. 
The structural formula is: 


O 11 



(' 


This drug is irregularly and poorly absorbed from the intestinal 
tract. Excretion is slow, and from 4 to 5 days may be re^piired for 
its complete elimination. 

Toxic reactions resemble sulfanilamide in degree and frequency. The 
incidence of nausea, vomiting, and anemia, however, is greatest with 
sulfap^idine. Dizziness, headache, and mental reactions may occur. 
Acidosis does not occur. Many of the more severe toxic manifestations, 
as described for sulfanilamide, may occur. If toxic manifestations do 
appear, stop drug and force fluids. 

Therapeutic Uses. — Hue to water absorption and high frequency of 
toxic manifestations, sulfapyridine is being rapidly replaced by other 
sulfonamides. It is more specific than other dorivative.s for the treat- 
ment of dermatitis herpetiformis. 
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Preparations 

Sulfapyridine, Sulfapyridinwn, N. F. Contains not less than 99 per 
cent of CmH,iN,0,S. Dosage: 2 Gm. (30 grains). 

Sulfapyridine TabletSi Tdbellae Sulfapyridini, N.F. The usual sizes 
contain 0.3 Gm. and 0.5 Gm. 

Sterile Sulfapyridine Sodium, Sulfapyridinum Sodicum Sterile, N.F. 
(Sterile Sodium Sulfapyridine). Used for the preparation of 
solutions for intravenous injection. It is made up in concentra- 
tions of 5 per cent in sterile distilled water. Dosage: 2 Gm. 
(30 grains). 

Sulfathiasole 

Sulfathiazole occurs as a white crystalline, tasteless powder, 
slightly soluble in water and soluble in alcohol (1:200). It is soluble 
in aqueous alkaline solutions. The structural formula is: 


Sulfathiazole is generally rapidly absorbed from the gastrointestinal 
tract. A single dose may be completely absorbed within three hours; 
therefore the drug should be administered at intervals of three hours 
in order to secure adequate concentration in the body fluids. It does 
not pass readily into the spinal fluid, but is found in about the same 
concentration as exists in the blood, synovial, pleural, pericardial, 
ascitic, and edema fluids. About 75 per cent of the circulating sulfa- 
thiazole is bound to plasma proteins. About 15 to 30 per cent of the 
total sulfathiazole in the blood exists in the conjugated form in normal 
individuals. Sulfathiazole does not penetrate the red blood cells to any 
great extent. It is excreted in the urine, saliva, milk, and sweat. It is 
excreted largely in the urine in individuals with normal kidney function. 
If kidney function is Impaired, accumulation in the blood occurs, with 
resultant toxic manifestations. Acetylsulfathiazole tends to precipitate 
out in the urine, and it is not uncommon to And calculi formed during 
sulfathiazole therapy. It is therefore important to administer ade- 
quate fluids and to keep the urinary output above normal, otherwise 
renal damage, evidenced by hematuria, oliguria, or anuria may occur. 

Toxic reactions apppear more often than with sulfadiazine. Of 
all the sulfonamides in use, it leads as a cause of drug fever and skin 
rash and is peculiarly prone to cause scleral injection and damage to 
the renal epithelium. Nausea, emesis, and dizziness are less frequent 
than with sulfapyridine. Mental disturbances are more common. Blood 
changes and hepatitis are rare. Urinary obstructions may occur. 

Therapeutic Usee. — Sulfathiazole is probably the sulfonamide of 
choice in the treatment of gonococcic infections and is considered 
equal to sulfadiazine in staphylococcic infections. It is more toxic 
than, and inferior to, sulfadiazine for pneumococcic, meningococcic, 
and streptococcic infections. 

In severe types of infection, due to the above organisms, a con- 
centration of 4 to 6 mg. of the drug per 100 cc. of blood is indicated; 
less is adequate for gonorrhea. 

Prbparationb 

Snlfathiazole, SulfaihUusoUm, U.S.P, Ck>ntain8 not less than 99 per 
cent of Gtl^N,Ot8|. Dosage: 2 Gm. (30 grains). 

Snlfathiaxole Tablets, TabeUae Sulfathiagoli, U.8.P. The usual size 
contains 0.3 Om. and 0.5 Gm. 
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Sulfathiazole Sodium, SulfathiaeoUm Sodiown, U.S.P. The sodium salt 
of sulfathiazole. Dosage: 2 Gm. (30 grains), intravenously. In- 
itial doses are computed on the basis of 0.1 Gm. per kilogram 
of body weight; subsequent doses should be based on 0.05 Gm. 
per kilogram, administered at six-hour intervals, and not to ex- 
ceed a blood concentration of ^Hotal'* drug of 12 milligrams per 
cent. 

Sterile Sulfathiazole Sodium, Sulfathiazolwm Sodicym Sterile, U.S.P. 
(Sterile Sodium Sulfathiazole). Meets the requirements of the 
Sterility Test for Solids, U.S.P. The sterilized equivalent of 
sulfathiazole sodium used for the preparation of solutions for 
intravenous injection. Dosage: Intravenous, 2 Gm. (30 grains). 

Other Sulfonamides 

Sulfamethazine is similar to sulfamerazine in its action but it is more 
soluble in acid urine. In spite of this increased solubility there is 
some evidence that kidney damage may occur. 

Sulfacetimide possesses properties which qualify it for use as a ur- 
inary tract antiseptic. Absorption and excretion are rapid and com- 
plete. Since urinary reabsorption is low, high concentrations are easily 
obtained in the urine with relatively low nontoxic doses. 

Intrarenal precipitation does not occur, due to the great solubility 
of the drug. Furthermore, sulfacetimide is sufficiently soluble in acid 
urine to permit its use with acidifying agents. 

Sulfamylon or hemosulfanilamide appears quite similar in structure 
to sulfanilamide. 


NH, 



Sulfanilamide Sulfamylon 

Although the structural formulae are quite similar, the antibacterial 
activity of sulfamylon is quite different. The latter is not affected by 
the addition of p-aminobenzoic acid to the medium nor is it affected by 
the presence of pus or necrotic tissue. It has been recommended that it 
be mixed with nine parts of sulfanilamide and used in the treatment of 
Clostiidiwn welchii and Cl, septicum infections, and against resistant 
strains of streptococcus. 

Sulfamylon is contraindicated for systemic administration because 
of its rapid excretion in the urine. Reports indicate the drug to be 
relatively non toxic. 


SXTLFONAMIDE THERAPY 
(Including Antibiotics) 

The sulfonamides are effective agents against many infectious dis- 
eases. Penicillin and streptomycin are the drugs of choice in some 
diseases; neverUieless, the sulfonamides still remain the most effective 
agents in others. The sulfonamides are relatively inexpensivoi and 
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may be administered by almost any route. The antibiotics possess, 
generally, greater activity with negligible toxic effects. Both the 
sulfa drugs and the antibiotics have a useful and enviable place in 
modern therapy. 

Choice of Sulfonamide. — In general, when systemic therapy is 
desired, sulfadiazine, sulfathiazole, sulfamerazine, and sulfapyrazine 
may be used with relatively equal effectiveness. Sulfamerazine is 
excreted more slowly than sulfadiazine or sulfathiazole, and there* 
fore less frequent administration may be indicated. 

More specific recommendations are as follows: 

Sulfa Drug Infection 

Sulfadiazine Streptococcus hcmolytxcus 

Pneumococcus 
Meningococcus 
Friedlandcr 's bacillus 
Influenza bacillus 
Local application 
For intravenous use (sodium salt) 

Sulfamerazine Even status for 

Pneumococcus 
Meningococcus 

Sulfathiazole Hanks second for all 

above infections 
Staphylococcus 
Gonococcus 
Colon bacillus 

Succinylsulfathiazolc Bacillary dysentery 

Sulfaguanidine Ranks second in 

Bacillary dysentery 

Sulfanilamide (Uiancroid 

The following outline gives the organisms against which the sul- 
fonamides and penicillin are effective. 

I. Infections responsive to both sulfonamide and penicillin: 
Certain Gram-positive and negative cocci 
Hemolytic streptococci 
Pneumococci 
Staphylococci 
Staphylococci viridans 
Meningococcus 
Gonococcus 

II. Infections responsive to sulfonamide (not penicillin): 
Gram-negative bacteria 
Colon 
Dysentery 

Hemophilus influenzae 
Friedlander ’s bacillus 
Ducrey^s bacillus 
Plague 
Trachoma 

Follicular conjunctivitis 
Lymphogranuloma venereum 
Pemphigus vulgaris 
Dermatitis herpetiformis 
Actinomycosis 
Lupus erythematosus 
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III. Infections responsive to penicillin (not sulfonamides): 

Syphilis 

Yaws 

Clostridial gas gangrene 

Other infections and organisms resistant to the sulfonamides in- 
clude protozoa parasites, Rickettsiae (typhus and virus), anaerobic 
and hemolytic B. streptococci, Brucella melitensis, common cold, diph- 
theria, influenza, Scabies, rheumatic fever, tuberculosis, tularemia, 
typhoid, and paratyphoid. 


Meningococcus 

Both penicillin and the sulfonamides are highly active against 
meningococci. Because of superior penetration in the central nervous 
system, a sulfonamide, namely sulfadiazine, is indicated. Give an 
initial dose of 5 Gm. of sodium sulfadiazine by vein in 500 to 1,000 cc. 
of sodium lactate solution. As soon as possible, change to oral 
therapy. Oral dosage is 1 Gm. every four hours accompanied by 
sodium bicarbonate. Keep blood level between 10 to 15 mg. per 
100 cc. 

In presence of sulfonamide sensitivity, penicillin may be given in 
doses of 50,000 units intramuscularly every three ho\irs. 

Gonococcus Infections 

The sulfonamides were highly effective in gonorrhea, but many re- 
sistant strains now prevalent make sulfonamide therapy less re- 
liable. Therapy with sulfadiazine or sulfaihiazole is preferred. The 
dose of either drug is 1 Gm., four times a day for one week. If there 
is no discharge and the urine is clear, continue therapy another week 
with 0.5 Gm. four tim<*s a day. 

Penicillin is the drug of choice. It is very effective and the dosage 
is not large. Home recominend 50,000 units intramuscularly every two 
hours for ten hours. At present, the method of choice for the 
treatment of acute gonorrhea in the male is penicillin in oil and bees- 
wax (Long, 1948). Admini.ster 300,000 units of crystalline penicillin G 
in oil and beeswax in outer upper qua<lrant of buttock. 

Ocular Infections 

Many ocular infections respond to antibiotics and chemotherapy. 
Sulfonamides and antibiotics .should be used about the eye with extreme 
caution and only if the indications are absolute. 

Urinary Tract Infections 
(Pyelitis and Pyelonephritis) 

The eflicieney of sulfonamides vary with the type of infection. 
They are less effective against Streptococcus faecalis than mandelic 
acid; and less effective than methenaniine against Escherichia coli. 
Nevertheless, the sulfonamides are the drugs of choice. The dose of 
either sulfaihiazole or sulfadiazine is 0.5 to 1 Gm. every four hours. 
The concentration in the urine should reach 75 to 150 mg. per cent and 
therapy should be continued for four to six days after the urine is 
sterile. 

Penicillin is of little value in urinary tract infection as the usual 
urinary bacteria are resistant to it. Streptomycin, on the other hand, is 
effective against infections produced by E, coli. However, due to pos- 
sible toxic effects, it should be reserved for use only if other drugs have 
failed. 
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Intestinal Xnfectioiis 

The poorly absorbed sulfonamides, sucdnylsulfathiazole or the less 
effective sulfagaanidine may be used tof lo^ antiseptic action in the 
bowel. Large doses (8 to 16 Qm. a day) are indicated. 

Bacillary Dysentciy, — Sulfadiazine is highly effective and should 
be given in an initial dose of 2 to 4 Gm. followed every four to six 
hours by 1 Gm. Children may be given 0.2 Gm. per Kg. body weight. 
Continue treatment for two days after clinical rdbovery. When the 
stool cultures are still positive at this time, substitute sucdnylaulfa- 
thiazole for sulfadiazine in doses of 2 Gm. four times a day. 

Local Use of Sulfonamides 

Local application of sulfonamides to wounds is of questionable 
value. Dry sulfonamides produce irritation and sometimes even ab- 
scesses. They tend to delay healing and promote excessive scarring. 
The IT. S. War Department discontinued the local use, even on in- 
fected wounds (J. A. M. A. 128: 597, 1945). 

Wounds 

Experience derived from World War II clearly indicates that in 
wound management sound surgical treatment ranks first, resuscita- 
tion of restorative therapy second, and chemotherapy or antibiotic 
treatment third. Extensive investigations and observations clearly 
demonstrated that the topical application of crystalline sulfonamides 
or penicillin as prophylactic agents did not prevent bacterial infec- 
tion of fresh wounds. Actually such treatment is definitely con- 
traindicated in fresh wounds. No antibacterial agent is available 
which will effectively sterilize infected pus, blood clots, or dead 
tissue in wounds. 

In minor wounds, experience has demonstrated that chemotherapy 
or antibiotic treatment is unnecessary and that adequate surgical man- 
agement is of major importance. In major wounds of soft tissues, in 
wounds of bony structures, or penetration wounds of the body cavities, 
systemic or parenteral antibiotic treatment or chemotherapy is indicated 
to prevent possible infection. For example, in the treatment of com- 
pound fractures competent surgical management is of primary impor- 
tance, and then crys^line penicillin G is the agent of choice. Admin- 
ister 25,000 units of crystalline penicillin G dissolved in sterile dis- 
tilled water or an isotonic solution of sodium chloride and give by the 
intramuscular route, at intervals of three hours day and night. Con- 
tinue treatment for ten days or until danger of infection seems past. 
For children, total requirements are based upon 10,000 units per kilo- 
gram of weight. Divide this total dose into eight parts and give at 
intervals of three hours day and night. Continue treatment until 
danger of infection is past. 

S^fonamides, locally, may be justified in some instances. When indi- 
cated, powdered sulfathiazole or sulfadiazine may be applied locally to 
wound ulcers and serous surfaces, as a 5 per cent ointment to the 
skin. When used as powder the sulfadiazine or sulfathiazole may be 
mixed with 6<^ual parts of sulfanilamide to prevent clumping, and 
used in quantities up to 10 Gm. 

Skin Infections 

Sulfonamide administration to skin might well be limited to pyogenic 
infe^ions such as impetigo and to chancroidal infections. 

Impetigo, — Sulfathiazole ointment of 5 per cent strength is effective. 
The most effective treatment is probably penicillin ointment. 
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Ohaacroldal Infoctloiui. — These infections respond dramatically to 
sulfonamides. Sulfanilamide ^is preferred as a powder diluted with 
20 per cent starch. 

Pneumococcus Infections 

The sulfonamides are successful in pneumonia, especially in chil- 
dren, for all types of pneumococci. Individual cases showing re- 
sistance, however, may require penicillin. Sulfadiazine is preferred 
for oral use, but sulfathiazole is just as effective but may produce a 
slightly higher degree of toxicity. The use of the soluble sodium salts 
may be indicated in starting the treatment if nausea and vomiting 
interfere with administration. 

Moderately Severe Pneumonia. — Fenicillin may be given intramuscu- 
larly in doses of 30,000 to 40,000 units every three hours until the pa- 
tient’s temperature is normal, and then continued at the same dosage 
for three days longer, omitting the early morning dose. 

A possible second choice is sulfadiazine, 4 Gm. initially, followed by 
1 Gm. every four hours thereafter until the patient’s temperature is 
normal for two or three days. 

Staphylococcus Infections 

The staphylococci commonly cause local surface infections (boils, 
carbuncles, etc.) and also internal or systemic infections (pneumonia, 
abscesses, endocarditis, etc.) which are more severe. 

Local infections should be treated surgically when indicated. Ap- 
plications of a 5 per cent sulfathiazole ointment may be indicated. 

In systemic infections penicillin should be given in large doses by 
all possible routes and heavy sulfadiazine therapy should also be 
given at the same time. 

Osteomyelitis is an excellent example. This infection is usually 
caused by staphylococcus, but the infection may be due to strepto- 
coccus, pneumococcus, and other bacteria. Penicillin should be ad- 
ministered in doses of 50,000 to 100,000 units intramuscularly every 
three hours, and continued at this dosage for three weeks or more. 
When abscess is present, surgical drainage may be necessary in ad- 
dition to penicillin. 

In osteomyelitis caused by streptococcus, pneumococcus, and other 
bacteria, treatment with streptomycin or the sulfonamides is indi- 
cated. 

Tuberculosis 

Sulfadiazine, sulfamerazine, sulfamethazine, and sulfapyrazine are 
possibly the only sulfonamides which have any deterring effect on tuber- 
culosis (Smith, 1945). Some of the related sulfones (promin, diasone, 
and promizole) have a fairly pronounced inhibitory effect on tubercu- 
losis in rabbits and guinea pigs. Streptomycin has a definite retarding 
effect and at times, apparently, a curative effect on certain types of 
tuberculosis. (Hinshaw, Mayo Clinic, 1948.) 

Prophylactic Use of Sulfonamides 

Army and Navy experience indicates that the continuous daily 
administration of 0.5 Gm. of sulfadiazine decreases the incidence of 
streptococcus respiratory infections by 50 to 75 per cent (Holbrook, 
1944; Coburn, 1944). Billow and Albin, 1946, gave 1 Gm. of sulfa- 
diazine daily to 20,000 soldiers, with a drop of one-third in hospital 
admissions for fespiratwy disease, a marked decrease of rheumatic 
fever attacks and no cases of meningitis occurred. While sulfa drugs 
are Contraindicated in the acute ph«^, reports indicate that sulfon- 
amides have distinct value in recurrences. Sutliff, 1944, reported six 
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occurrences in three hundred six treated, while in three hundred and 
forty-one controls there were seventy recurrences. Penicillin apparently 
fails to influence the course of rheumatic f ever. 

In gonorrhea after three doses of sulfathiazole (2 Gm. each) given 
to fourteen hundred troops after exposure, reports show there occurred 
eight cases per thousand per year, while in four thoasand untreated 
there were one hundred seventy- one cases per thousand per year. (Love- 
less and Denton, 1943.) 

Since the advent of the sulfonamides and antibiotics, too much hope 
has been placed in their use as prophylactics against infection. 
(Long, 1948.) 

Drug Besistance 

The fear that microorganisms will become resistant to the agent 
used for the treatment has been given considerable emphasis. Perrin 
Long, 1948, expresses his opinion on this subject as follow's: ''It 
also seems to be true — clinical reports to the contrary — that originally 
resistant strains or resistant strains induced by treatment have 
played a minor role in the treatment of clinical infections with either 
the sulfonamides or penicillin.^’ 

In streptomycin therapy, however, resistant strains are easily selected 
out or resistant mutants easily produced. Physicians must bear this in 
mind when no response is obtained from adequate streptomycin therapy. 

Precautions in Sulfonamide Therapy 

All authorities agree that daily inspection of patients taking sulfon- 
amides is indicated. The onset of toxic symptoms is usually recognized 
clinically, with the possible exception of agranulocytosis. Inspection of 
the skin, mucous membranes, conjunctiva, urine, and feces may be suf- 
flcient to diagnose the toxic pattern. A knowledge of the time of ap- 
pearance and the characteristic toxic symptoms may prepare the phy- 
sician for early recognition of the condition. 

Fever, leucopenia, and oliguria are most frequent with the deriva- 
tives of sulfanilamide. Take temperature twice daily to guard against 
fever. Leucopenia rarely occurs before the tenth day of treatment; 
therefore, every effort should be made to end treatment by this time, 
particularly if the patient is ambulatory. After ten days a close check 
must be kept on the white-cell count with determinations every two 
days. Oliguria is most apt to occur in the period of intensive therapy. 
The appearance of red cells or granular casts in the urine should serve 
as a warning that this toxic reaction is imminent, but the best pre- 
caution is to observe the urine output in twelve-hour periods. M^en 
this falls below 800 cc., fluids should be forced intensively. Sulfa- 
thiazole, particularly, may cause complete anuria without the appear- 
ance of hematuria. Crystals of the drug mean nothing in a routine 
urine examination, since these drugs crystallize at room temperature, 
but the presence of large numbers of crystals in a freshly voided speci- 
men means that the patient needs either more fluid or a smaller dose. 

Drug fever may occur after administration of the sulfonamides has 
been stopped. This is particularly true of sulfadiazine which is the most 
slowly excreted, and is to be feared in patients with poor renal function, 
who rid themselves of any of these drugs very slowly. Sulfathiazole, 
although it produces toxic reactions more often than does sulfadiazine, 
is excreted very rapidly, so that if a reaction occurs (except oliguria) 
it is possible to get rid of the offending drug very quickly. This usu- 
ally produces prompt recovery from the toxic effects. On the other hand, 
with sulfadiazine several days are required for its elimination. Be- 
cause of the possibility of delayed reactions after cessation of therapy, 
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the white cell count and the patient’s condition should be checked three 
and five days after treatment is discontinued. 

It would be wise to maintain an adequate vitamin intake in patients 
ill with an infection and who are receiving sulfonamide therapy. Long 
(1941) recommends the following amount of vitamins each day during 
the course of illness: Vitamin A, 6,000 international units; thiamine 
chloride, 3 mg.; riboflavin, 3 mg.; nicotinic acid, 50 mg.; ascorbic acid, 
100 mg.; vitamin D, 100 to 200 international units. 

Routine for Treatment. — 

A. Before Administration: 

1. Inquire about previous sulfonamide therapy. 

2. Assess renal function. 

3. Determine hemoglobin level and white cell count. 

B. Administration to Ambulatory Patients (Small Doses). 

1. Instruct patient 

a. Name of drug 

b. Importance of regular doses 

c. Importance of adequate fluids and cheek on output. 

d. Possibility of toxic reactions (report reactions). 

e. Explain danger of slow reaction time, driving car, crossing 

streets, etc. 

2. a. Physician should see patient daily to take temperature and ex- 

amine him for jaundice or rash. 

b. Arrange check-up; after fen days see patient three times a 
week up to six weeks, then weekly as long as drug is given. 
Check up should include examination of mucous membranes 
for pallor, scleras for icterus, skin for rash, temperature. 
Inquire about nausea and vomiting. Make white cell count; 
if below 6000 a blood smear sliould be examined. 

C. Administration in Hospital (I^arge Doses). 

1. Instruct patient and nurse about importance of regular doses. 

2. Measure and record the intake and urine output. Examine urine 
for gross blood daily, and record N.P.N. at least twice a week. 

3. Observe temperature chart. 

4. Determine hemoglobin every other day. 

5. White cell count three times a week. (Stop drug if white count 
is below 3500 or the polymorphonuclears are below 50 per cent.) 

6. Examine smear weekly. 

7. Examine physical appearance daily (pallor, skin rash), scleras, 
jaundice, general appearance and action. 

ANTIBIOTICS 

Waksman, the discoverer of streptomycin, gives the following defi- 
nition for antibiotics: Those chemical substances produced by 

microorganisms, wdiich have the ability either to inhibit or destroy 
other microorgunhsins. ” 

PENICILLIN 

The bacteriostatic, action of penicillin was discovered by A. Fleming 
in 1929. While studying staphylococcus variants, he noted a trans- 
parent zone surrounding a mold contaminant of a culture plate of 
staphylococcus. Believing this clear zone to be evidence of lysis of 
the bacteria by a 8ul.>8tanco produced by the mold, he prepared 
filtrates of broth cultures of this mold and demonstrated their anti- 
bacterial activity. Since the mold belonged to the genus Fenicillium, 
he adopted the name ^'penicillin” for the active agent. 

The therapeutic application of penicillin was due to the untiring work 
of Chain, Florey, and their co-workers, 1940. They were able to pro- 
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duce stable preparations of penicillin and then were able also to carry 
on extensive experimental and clinical investigations. The demands of 
war and the untiring energy of Florey and his associates produced prom- 
ising clinical results. The S3mthesis of penicillin has been accomplished' 
by du Vigneaud, Carpenter, and their associates, 1946. 

Four varieties of penicillin, designated as F, Q, K, and X have been 
isolated from the same mold. They are esters of a substance which 
probably have one of the following formulas : 
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Penicillin F, A’ pentenylpenicillin ; E=CH| — CH, — CH=CII — CH, — 
Penicillin G, benzylpenicillin ; ^ — 


Penicillin X, p-hydroxybenzylpenicillin ; 


icUlin; E=HO— CH,- 


Penicillin K, N-heptylpenicillin ; R=Cn, — (CH,), — CH, — 

These penicillins have approximately equal bacteriostatic activity 
in vitro. In vivo, however, penicillin K has very little activity, prob- 
ably due to an adsorption of penicillin K on serum and tissue pro- 
teins. Microorganisms containing penicillin are able to inactivate 
penicillin. 

Many other types of penicillin have been isolated but commercial 
brands are mostly mixtures of either sodium, potassium, or calcium salts 
of two or more of the above. Preference should be given to the use of 
pmiicillin which contains more than 75 per cent of sodium or potassium 
salt of crystalline penicillin G. 

The j^nicillins are strong monobasic acids and are therefore em- 
ployed in the form of alkafine salts. The salts of potassium are too 
toxic for use; the sodium salts are least toxic. The calcium salt is 
somewhat less hymseopic than the sodium salt, and has greater 
stability. Crystalline preparations of penicillin are odorless and 
tasteless. Amorphous preparations are yellow and bitter in taste. 
Only the solid crystalline form may be stored without refrigeration. 
Aqueous preparations if thqy are sterile, kept neutral or slightly acid, 
may be kept for a month after preparation. 
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Phamacological Action. — Mode of Action: Penicillin probably acts, 
in part at least, by inhibiting cell division in microorganisms and also 
by direct destruction. Its action is known to be different from the 
sulfonamides. Penicillin is not markedly inhibited by the presence of 
blood, pus, or tissue extracts. Local anesthetic agents do not inter- 
fere with its action. 

When penicillin is administered by mouth, a part is destroyed by 
the hydrochloric acid of gastric juice. Absorption is excellent from the 
duodenum and jejunum, but relatively poor from the stomach and 
also the large intestine. About one-third of the penicillin admin> 
istered orally is excreted in the urine. Since the liver does not in- 
activate penicillin, it is difficult to understand why but one- third of the 
penicillin can be accounted for. Following oral administration max- 
imal concentrations of the antibiotic are attained in thirty to sixty min- 
utes. Since absorption and distribution of the drug is so variable, it is 
necessary to administer at least five times more penicillin per dose 
orally than would be given intramuscularly or by vein. 

When aqueous solutions of penicillin are administered by vein, peak 
concentrations are reached in the blood in a few minutes, and the blood 
levels begin to fall. When administered by muscular injection, max- 
imal concentrations are reached in from thirty to sixty minutes. Fol- 
lowing subcutaneous injection peak concentrations are generally reached 
in about sixty minutes. Following injection by any of the above routes 
maximal concentrations are soon reached in the blood and if renal 
function is normal the antibiotic concentration in the blood falls 
rapidly. Within three or four hours after administration only traces 
may be found. This is the reason for the usual three-hour schedule 
recommended for intramuscular administration of penicillin. 

Rapid absorption follows administration of penicillin by inhalation. 
Blood concentration curves resemble those observed after intramuscular 
injection. When penicillin is administered by the intrapleural, intra- 
thecal, or intrapericardial routes, its diffusion in the blood is much 
slower. Small amounts of the antibiotic may be found in the spinal 
fluid, pleural fluid, synovial cavities, and pericardial fluid from twelve 
to twenty-four hours after injection of a single dose. On the other 
hand, when penicillin is injected in the peritoneal cavity it is rapidly 
absorbed. 

Penicillin is excreted rapidly — about 80 per cent of the dose appears 
in the urine in two hours. After four hours there is less than 5 per cent 
in the body; therefore, administration must be repeated at short inter- 
vals. Penicillin is also excreted in the bile and probably a small 
amount in the stool. Little, if any, penicillin is excreted in the saliva, 
sweat, milk, and tears. If renal function is seriously impaired, peni- 
cillin will pile up in the blood. 

A dose of 50,000 units may produce a blood concentration of 0.5 
units per cubic centimeter within a few minutes after injection, and be 
too low to measure after two or three hours. Concentrations of 0.1 to 
0.5 unit are useful therapeutically. 

Methods of Administration. — Methods of continuous intravenous or 
intramuscular infusion are used to maintain blood concentration. The 
usual method is by intramuscular administration, using aqueous solu- 
tions at intervals of two to six hours. Penicillin in peanut oil and 
beeswax may be administered intramuscularly or subcutaneously. 
This permits less frequent injections (twelve to twenty-four hours) 
and still gives quite adequate blood concentration. Other methods to 
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delay absorption are used; these include application of ice bags, use 
of a vasoconstrictor such as epinephrine, and admixture of penicillin 
with plasma proteins. 

Many attempts have been made to decrease the rate of penicillin 
excretion. Diodrast, para-arainobenzoie acid, and other substances 
have been used to decrease its rate of excretion, (^'aromimide has 
been used with considerable success in decreasing penicillin excre- 
tion. It acts by competing with penicillin for excretion by the 
renal tubules and thus decreases the rate of secndion of the latter, 
and consequently the concentration of the antibiotic in the blood is more 
easily maintained. 

Locally, penicillin is used in solutions and ointments of from 50(1 
to 1,000 units per cubic centimeter or more, and as lo/enges or troches 
in the mouth. 

Penicillin may also be given by inhalation for both local and sys- 
temic results. When administered as an aerosol, it is rapidly ab- 
sorbed into the circulation to produce blood levels comparable to 
those obtained by intramuscular administratirm. 

Penicillin is usually dispensed dry in sterile, rubber-capped bottles, 
containing 100,000 units. Physiological saline, or other diluent, is 
added to make solutions from 5,000 to 50,000 units per cubic centi- 
meter for injection. 

Toxicology. — Toxic manife.statioiis from penieillin are rather in- 
frequent. To my knowledge no fatalities or very serious toxic man- 
ifestations have been reported clinically. The most serious toxic 
reactions appear to be due to allergic sensitization. This may appear 
as urticaria, dermatitis, and related disturbances. Systemic allergic 
reactions are rare. The greater incidence of allergic reactions follow 
local application. Reactions may reach 10 per cent following local 
administration as compared to less than I per cent after parenteral 
use. When allergic reactions* do hai»pen stop penicillin and treat as 
for serum sickne.ss. 

Intravenous doses have caused fever, chills, nausea, vomiting and even 
convulsions. Intrathecal administration has b<*en followed by head 
ache, vomiting, m^'elitis and cranial nerve injuries. 

Penicillin Besistance. — Bacteria present may be resistant to peni- 
cillin, either because they acquired such resistance following therapy 
or because both sensitive an<l non.sensitive organisms are already 
present. In some resistant bacteria, penicillinase is found. Rammei- 
kamp, 1045, states that with the exception of staphylococcus, there 
are no well-substantiated instances of penicillin resistance acquired 
during therapy. 

Therapeutic Uses. — Penicillin is effective in infections caused by 
Gram-positive organisms, including Staphylococcus aurtus and alhus. 
Streptococcus hemolyticus and viridans, pneumococci, clo.stri»liii, and 
Corynehacterium diphthcriae. Goncwocci and meningococci are also 
susceptible, but most Gram-negative forms are not afTe<ded. 

In syphilis, penicillin gives promising results. (Hee Drugs Used in 
Treatment of Syphilis.) It also appears to be effective in Vincentes 
angina, yaws, and relapsing fever. 

For the use of ^nicillin in streptococcus, staphylococcus, gonococcus, 
and pneumococcus infections, see under Sulfonamide Therapy, 

Gas Gangrene Infections, — Penicillin is probably the drug of choice. 
Give intramuscularly 50,000 units every three hours. Polyvalent an- 
erobic serum should also be given in amounts up to 100,000 unitsj intra- 
muscularly, intravenously, and locally around the wound in the course of 
three to four days. 
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FrC' and Postoperative Care, — Home surgeons recommend the use of 
penicillin for preparation and aftercare of their patients. Bacon and 
Rowe, 1948, recommend that ponicillin be employee! routinely in doses 
of 30,000 units every three hours. If contamination is present, the 
sulfones are used intravenously until they are tolerated by mouth. 

Pheumatic Heart Disease, — Penicillin has been tried, and quite sue* 
cessfully, in the treatment of this formerly almost 100 per cent fatal 
condition. Penicillin has been administere<l by almost all accepted 
methods. A daily dose of 500,000 units for a sensitive organism and 
1,000,000 uni Is for resistant organisms have been recommended. A 
treatment period of four to six weeks is suggested. Inadequate dosage 
is tlie usual reason for failure. 

Penicillin Unit. — The international unit of penicillin is the activity of 
0.6 micrograin of pure sodium penicillin G. 

The u.Hsay is generally made by comparing the growth inhibitory 
ellects of the standard and unknown on a penicillin-sensitive or- 
ganism. 

Pkki»akations 

Ponicillin ('ulciuin, PtniviUinum Caleienm, I’.S.P. The calcium salt of 
an antibiotic substance obtained <luring growth of PenicUfium 
notatum Westling or HteUlium t hrysof/amm Thom (Fam. 
lurgiUacea)y or i»rodu<*e<l by any other nieans. It complies with 
the requirements of tlie FedcTal Food and Drug Administration. 
Dosfif/t : Oral, on a fasting .**toinach, 300,000 units. Intramus- 
cular, 300,000 units (U.H.P. ). 

Penicillin Hodium, Ft niciUinuin Sodicum, U.H.P. The sodium salt of an 
antibiotic substance obtained during the growth of PcniciUium 
notatum Westling or Ft nicillimn chryso(j(num Thom (Fan. Asper- 
yiflaenu )^ or pro<luce<l by any other means. It complies with 
the re<piirements of the Federal Food and Drug Administration. 
Dosaye: Oral, on a fasting stomach, 300,000 units. Intramuscu- 
lar, 300,000 units (U.H.P.). 

Penicillin Denial (’ones, Dtntinmi F* nicilHni, U.H.P. Uomposed of peni- 
cillin calcium and suitable harmless diluents, and it may have sul- 
fonamide compounds added. The cones niiist comply with 
Federal regulations and be certifie<I by the Federal Food and 
Drug Administration. Dosayr: 1 cone ^J.H.P,). 

Penicillin Injection in Oil and Wax, hijtctio FrnicUUni in Oho ft Cera, 
U.H.P. A sterile siisjiension of penicillin calcium in a mixture 
of peanut oil, or se.same oil, in which white wax is dispersed. It 
meets the requirement.s of the Federal Food and Drug Admin 
istration. Donayt : Intramuscular, 300,000 units of penicillin 
(U.H.P.), usually available in syringe cartridges or vials contain- 
ing 100,000, 200,000 or 300,000* units per cubic centimeter. 
Penicillin Ointment, Vnyututum FenieWinij U.H.P. Penicillin calcium 
in an ointment base approved by tlie Federal Food and Drug 
Afiministratioii. 

Penicillin Tablets, Tain Far FeuiciFini, Penicillin in the form of 

its calcium or sculium salt in admixture with buffers such as cal- 
cium carbonate, anhydrous sodium citrate, and aluminum hy- 
droxide or with other buffers approved by the Federal Food and 
Drug Administration. Dosaye: On a fasting stomach, 300,000 
units of penicillin (U.H.P.), usually available in tablets contain- 
ing 50,000 or more iinit.s. 

Penicillin Troches, Trovhisci FtniciFM, U.H.P. — I*enicillin in the form 
of its calcium or sodium salt, or both, admixed with one or more 
suitable and harmless diluents, binders, lubricants, masticatory 
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flubstasces, coloring, and flavoring, approval by *'**®.^^^™* 
Food and I}rng Administration. Dosage: One troche (u.o.x.;, 
usually available in troches containing 20,000 units each. 

STEBPTOMYOIN 

Streptomycin is an antibiotic substance produced by certain strains 
of Streptomyces griseus when grown in suitable media. It was dis- 
covered by Waksman in 1944. 

Phannacolofldcal Action. — Streptomycin can be administered only by 
the parenteral route for the treatment of systemic infections. When 
given by mouth, practically none of it is absorbed and the greater part 
of it is excreted in the feces. Little or none of the drug is absorbed 
in the blood following its administration by inhalation. 

Following tiie intravenous injection of streptomycin, maximal con- 
centration appears in the blood almost immediately. WTien ^ admin- 
istered intramuscularly, maximal levels are found in the blood in sixty 
to one hundred and twenty minutes. 

Excretion . — Following intramuscular or intravenous injection of 
streptomycin, its excretion by the kidneys is greatest in the two hours 
following administration, and \idthin twelve hours from 30 to 60 per 
cent is excreted in the urine. 

Most of the drug is excreted in the urine within twenty-four hours. 
At present it is not known whether streptomycin is excreted in milk, 
saliva, sweat, or tears. A small amount is excreted in the bile. If 
renal function is impaired seriously, the drug will accumulate in the 
blood and may produce a direct toxic effect on the auditory anti vestibu- 
lar apparatus. 

Distribution , — Streptomycin is distributed only in the extracellular 
fluids. It diffuses slowly into the spinal fluid. It is also found in 
ascitic fluid and in pleural, synovial, and pericardial effusions, but in 
concentration less than in blood. The antibiotic passes into fetal blood 
and amniotic fluid in concentrations about one-half that of maternal 
blood. FoUowing intramuscular administration, adequate concentra- 
tions have been found in aqueous and vitreous humors. 

Toxicology. — At the present time streptomycin produces toxic re- 
actions in about 6 per cent of all patients to whom it is given over a 
considerable period of time. Toxic reactions are more prevalent in 
patients who have received multiple courses of therapy with this drug. 

Deafness is a side reaction of considerable consequence. This re- 
action occurs usually after the eighth day and is produced by a di- 
rect toxic effect of the agent on the nuclei of the eighth nerve. It 
occurs in about 1 per cent of all patients receiving therapy over a pro- 
longed period of time. Patients in whom prolonged therapy is con- 
template should have their hearing tested with an audiometer before 
therapy and at weekly intervals. If there is a decrease in hearing during 
treatment, probably streptomycin should be discontinued. 

VestibvXar dysfunction is a common and often serious toxic reaction 
associated with streptomycin therapy. This reaction usually appears 
about the fourth week of therapy but may appear sooner. Usually, the 
evidences of vestibular dysfunction are of little consequence and may 
not can for stoppage of the drug. In some patients, however, dizziness 
beeom^ severe and vestibular dysfunction may become permanent. The 
physician must use his judgment and carefully weigh the consequences 
of continued therapy against the benefits derived from it. 

JRenal irritaiion is common, especially in patients with an acid urine. 
The usual manifestations arc casts in the urine, albuminuria, and an 
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abnormal number of red blood cells in the urinary sediment. If urinary 
function is normal, treatment is probably continued. However, in 
cases of decreased renal function great care must be exercised in 
streptomycin therapy. Skin eruptions may occur, usually during the 
second or third week of treatment. As a rule, they do not indicate dis* 
continuance of treatment. If an exfoliative dermatitis appears, stop 
treatment at once. 

Fever due to sensitivity to the drug may occur and may require dis- 
continuance of the drug in some cases. Local irritating effects are often 
very annoying. Nausea and vomiting may occur but are usually of little 
consequence. Eosinophilia appears quite often and may indicate some 
degree of sensitivity. 

In a review of the literature of some nine hundred patients treated 
with streptomycin, eight showed a mild leukopenia, and there was one 
case of agranulocytosis. In a group of four hundred patients treated 
with streptomycin, only two showed a serious depression of blood ele- 
ments (Deyke, Wallace, 1948). 

Therapeutic Uses.— Streptomycin is effective particularly against 
certain infections caused by Gram-negative bacteria and to some ex- 
tent against the tubercle bacillus. In general, it is the drug of choice 
for the former when infections are serious and if sulfonamides are 
ineffective or contraindicated. 

Colon Bacillus Infections. — These infections are relatively susceptible 
to streptomycin and also the sulfonamides. In severe infections both 
may be administered together. Streptomycin may bo given in doses 
of 0.5 Qm. intramuscularly every three hours. 

Influenza Bacillus Infection. — Intensive therapy with streptomycin is 
indicated in all serious influenza bacillus infsections. Give in doses of 
0.5 Gm. intramuscularly every three hours. Children’s doses are ac- 
cording to weight. For meningitis, streptomycin should be given intra- 
thecally as well as by muscle. The adult dose may be 0.1 Gm. in 10 cc. 
of saline daily ; the infant 25 to 50 mg. daily. 

Undulant Fever. — Streptomycin has been reported to be effective in 
undulant fever (W. W, Spink, 1948). He recommends a combination 
of sulfadiazine and streptomycin administered in multiple doses over 
three weeks. At the University of Minnesota he reported seventeen 
cases out of a total of eighteen were cured by this treatment. 

Infant Diarrhea. — Streptomycin is credited, in a Los Angeles hospital, 
with eliminating deaths from infant diarrhea. No victims were reported 
during an eight-month period in which it was used. Previously this 
disease ordinarily killed about 50 per cent of those infected. 

Tuberculosis. — Streptomycin is not a cure for this disease but is a 
most valuable adjunct to the regular and accepted methods of collapse 
therapy. I^icvine et al. (1948) reported that in nineteen patients strepto- 
mycin therapy caused a decideil diminution of toxic symptoms, inhibited 
spread of disease, and aided resolution of recent infiltrations. 

Tularemia. — The use of streptomycin has completely changed the 
picture of the therapy of this disease as the infection responds well to 
this drug. One gram, or less, for five dajTi has been found effective. 
It may be given as 0.25 Gm. intramuscularly four times a day for one 
week. This treatment is usually sufficient. 

Streptomycin is available ns the sulfate or hydrochloride in the form 
of a sterile powder in a rubber stoppered bottle, to which physiological 
salt solution is added to prepare a solution for administration. One 
gram contains approximately one million units. Solutions containing 
100 to 200 mg. per cubic centimeter are used for intramuscular or sub- 
cutaneous injection; 10 to 20 mg. per cubic centimeter for intrathecal 
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injection; 1 mgf. per cubic centimeter for local use; and 50 mg. per 
cubic centimeter for inlialation. 

Streptomycin Unit. — The official unit or unit is defined as 

the activity of 1 microgram of pure crystalline streptomycin base. 
Assays are based on the inhibition of growth of a standard strain of 
E, coli as determined by the dilution method. Methods for its detec- 
tion chemically have been devised. That of Marshall, Blanchard, and 
Buhle is satisfactory for hospital use, 

TYROTHEICIN 

TjTOthricin is obtained from a soil bacterium, Bacillus brevis, first 
isolated by Dubos, 1939. It contains at least two active antibiotic sub- 
stances, gramicidin and tyroeidin, which are bacteriostatic and bac- 
teriolytic for several Gram-positive organisms. Most of the activity 
is due probably to gramicidin since tyroeidin is largely inhibited by 
the presence of serum proteins and cephalin. The bacteriostatic action 
appears to be due to inhibition of metabolic enzymes of the susceptible 
bacteria. Some believe the antibacterial properties of gramicidin and 
tyroeidin to be related to their detergent properties. 

The clinical use of tyrothricin is in the experimental stage. It is 
useful in the treatment of Orara-imsitive organisms including Strepto- 
coccus hemolyticus, faecalis, pyogenes, and Staphylococcus aureus. It 
is used only locally in superficial indolent ulcers, ulcers, mastoiditis, 
empyema, and some wound infections. It should be used cautiously 
in body cavities. Tyrothricin is used in Veterinary Medicine for the 
treatment of bovine ma.stitis. 

Thyrothricin can be used rationally on superficially infected acne, 
impetigo, sinusitis, mastoiditis, superficial skin infection, etc. 

The use of tyrothricin is limited due to its toxicity, as parenteral 
administration causes hemolysis of red blood cells. It i.s .systemically 
dangerous by vein (11. J. Robinson, 1942). 

Tyrothricin is marketed as a concentrate or as an alcoholic solution. 
It may be diluted with isotonic saline so that the solution contains 
500 micrograms per cubic centimeter. When using it as local antiseptic, 
apply a solution containing 0.5 mg. per cubic centimeter (N.N.R.). 

POLYMYXIN 

In May, 1947, Benedict and Langlykke reportcid that sterile cul- 
ture filtrates of Bacillus polymyxa inhibited the growth of Brucella 
bronchiseptica in culture. Boon Htansley et al reported (July, 1947) the 
isolation of an antibiotic substance from B, polymyxa which they named 
* * polymyxin. ^ ’ 

This new antibiotic is highly active in vitro against certain varieties 
of Gram-negative bacteria. Its acute toxicity in experimental animals 
is greater than that of penicillin or streptomycin. The drug is stable 
against heat and chemical action. After intramuscular injection of the 
antibiotic, it promptly enters the blood stream, but it does not pass the 
blood-brain barrier. It is excreted slowly in the urine. 

In experimental studies polymyxin appears more efTective than strep- 
tomycin. The results in various clinical investigations are hopeful. The 
drug has been used successfully on children with severe burns, whooping 
cough, and skin diseases associated with secondary infection. It has 
been tried with apparent success in bubonic plague, Asiatic cholera, 
undttlant fever, bacterial dysentery, typhoid fever, and other intestinal 
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diseases. One big advantage of polymyxin over other drugs is that the 
germs it attacks do not apparently develop a resistance to it. 

Careful clinical trials of this compound in selected and suitable 
types of infections must be made l^efore the therapeutic effects of 
polymyxin can be properly evaluated. 

AXIBEOMYOIK 

Aureomycin , — This antibiotic substance has been obtained from a 
Streptomyces and possesses unusual antibiotic properties. Wright, 
L, T., et al. (1948; demonstrated its viru<?idal properties in human 
beings. Hraley and Handers (1948) reported that aureomyrin has defi- 
nite antibacterial activity against many microorganisms including coccic 
and bacillary forms and in organi.<»ms resistant to penicillin and the 
sulfonamides. It may be useful in the treatment of infections with 
rickettsias or with viruses of the psittacosis-lymphogranuloma venereum 
group, and also in atypical pneumonia ('Sclioenl>acii and Dryer, 1949). 
Aureomyciii deserves extended cbnical trial. 

OTHEE ANTIBIOTIC AGENTS 

Bacitracin is an antibiotic substance i.solated by Johnson, Anker, and 
Meleny in 1943, from i>\ suhtilh cultures. They found that it is neutral, 
thermostable, and nontoxic, on intravenous injection; nonirritating to the 
conjunctiva, nonhemolytic, and resistant to proteolytic enzymes. When 
applied locally, its action is not inhibited by pus or microorganisms. 

Experimentally it is active in vivo against hemolytic streptococcic 
infections and mice and gas-gangrene infections in guinea pigs. In vitro 
it is active against gonococci and meningococci. It possesses bacteri- 
cidal activity against a large number of Gram-positive organisms. 

Promising clinical results (Meleney and Johnson, 1947) have been re- 
ported from the local application of bacitracin in surgical infwtions, 
especially those of staphylococci and nonhemolytic streptococci which 
resist penicillin and sulfonamides. 

Clavacin (Patutin) is a substam*e which has beim isolated in crys- 
talline form from Aspcrffilhis eJavatus. It is bactericidal in fairly high 
dilutions to both Gram-po.sitive and negative bacteria. It is nontoxic 
following oral or local administration, but highly toxic on intravenous 
or intramuscular injection. It has been used by nasal installation 
against colds with questionable results. 

Suhiilin, another antibiotic obtained from 7?. suhtilis, has been ef- 
fective experimentally against .some diseases caused by Gram-positive 
bacteria. It is apparently nontoxic. 


ANTIIELMiXTIOS 

Anthelmintics are drugs which are used to kill or remove worms 
from the intestinal tract. They may be divided into vermicides, 
drugs that kill the parasites, and vermifuges, the drugs that cause 
expulsion only. The re.sults often depend on the size of the dose and 
on the length of time the drug is held in the gastrointestinal tract. 

The following is a list of the helminths which most commonly 
infest the human intestine and which physicians may be called on to 
treat: 

1. Platyhelminthes. A. Cestodes (tapeworms) : (a) Taenia saginata 
(beef); (b) Taenia solium (pork); (c) Diphyllobothrium latum 
(fish); (d) Eymenolepis nana (d^varf). B. Trematodes (dukes): (a) 
Schistosoma haematobium, S, mansoni, S. japonicum; (b) Fasciolopsis 
buski; (c) CUmorchis sinensis; (d) Paragonimus westermani. 
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2. Nemathelminthes (Nematodes) ; 1. Hookworms (Necator and An- 
oylostoma); 2. Roundworms (Ascaris); 3. Pinworms (Oxyuris); 4. 
Whipworms (Trichuris); 5. Strongyloides stercoralis; 6. Trichinellu 
spiralis; 7. Folaria bancroftL 

CuNicAL Importance. — The Taenia saginata does not produce disease. 
It may produce indigestion, but it does not live, strictly speaking, at 
the expense of the host. The reverse is true with the Taenia solium 
(pork tapeworm), because the human being may be the intermediate 
or the definite host in its life cycle. It is important clinically to 
distinguish between these two. There is a simple method of making* 
the diagnosis: Place one of the segments of the worm on a elide and 
cover by another slide, press together and hold to the light. The genital 
orifice is visible on the lateral margin, the vaginal portion of the genital 
tract extending into the body of the worm joined by the two stem 
branches of the uterus. If there are thirty or more main collateral 
branches of the uterus per segment, the specimen in question is a non* 
pathogenic Taenia saginata ; if there are fifteen or twenty main collateral 
branches it is the Taenia solium, which indicates immediate therapy. 

Diphyllohothrium latum was believed for many years to produce 
anemia, but this impression has been disproved. Hymenolepis nana is 
the most frequent type of tapeworm in the southern states. 

Diseases caused by roundworms are characterized by different t)rpes 
of therapy from those |^ven diseases caused by flatworms. A definite 
dla|pi08is of hookworm infection should be made before subjecting the 
patient to strenuous hookworm treatment. Infection by the round* 
worm Ascaris may cause serious mechanical damage. These or* 
ganisms may mass upon the small intestine, giving rise to intestinal 
obstruction, or migrate into the appendix, common bile duct, or up to 
the paranasal sinuses. They do not live on the host’s tissues. The 
pinworm does not live on the host ’s tissues but one might say in 
s^biosis with the host. It is difilcult to eradicate. In children, espe- 
cially, they cause local skin irritation, nervousness, and insomnia. 
The whipworm is rare but may cause definite lesions by burrowing into 
the mucosa. Symptoms are slight and strenuous therapy is question- 
able. The Sirongylaides stercoralis is frequently found in the southern 
states. 

Most parasitic worms are found in the gastrointestinal tract, notable 
exceptions being the schistosoma, filaria, and trichinella, which are tissue 
invaders. 

Fluke Infestation, — Several varieties of trematode (fluke) infestation 
in man are known. Blood Flukes— three varieties of blood flukes in- 
habit the circulatory system of man, causing schistosomiasis (bil- 
harziasis). The most common is Schistosoma haematobium, charac- 
terized by parasitic infe8ta|;ion of the pelvic veins particularly those 
around the bladder. The symptoms are hematuria, cystitis, and others. 
The S, mansoni causes alimentary symptoms, particularly diarrhea, and 
later splenomegaly. Like S, hematohiwn, it is widespread in Africa 
and South America. 8 , japonicum causes hepatomegaly, splenomegaly, 
and wasting cachexia. It is found in Eastern Asia, 

Other flukes include intestinal flukes, e.g., Fasciolopsis huski, which 
may be treated by tetrachloroethylene (same as treatment for hook- 
worm). The liver flukes, e,g., Clonorchis sinensis may be treated by 
antimony (see Stibophen). Gentian violet may also be used— -give 60 
mg. in capsule form, three times a day for one month. The living 
flnk^, e.g., Paragonmus westermani, are difficult to treat. Some recom- 
mend the use of emetine as described for Amebiasis. 
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Tartar emetic, stibophen, fuadin, anthiomaline, and other anthel* 
mintics are used in the treatment of fluke infestation. 

Trichinosia is an infestation by Trickinella spiralis. The larvae enter 
the body in incompletely cooked meats, migrate usually to the muscles 
and become encysted after reaching adult form. Fever, prostration an<} ■ 
aches are the usual symptoms. Treatment is unsatisfactory. 

Filariasis , — Several varieties of filarial worms infest man, the most 
common being Filaria hancrofti. The disease is transmitt^ by mo8« 
quitoes. The larvae form grows in the human being to the adult size 
which may inflame and obstruct the l3rmphatic system. When the worms 
mature, they produce microfilariae wdiich serve to infect new mosquitoes. 
Various antimony compounds including neostibosan have been used in 
treatment. 

The anthelmintics show little specific action on the parasite. Their 
use is rendered possible because of their slow absorption which per- 
mits them to act more vigorously on the parasite than on the host. 

The intelligent administration of anthelmintics requires a knowl- 
edge of (1) the species involved; (2) the number and location of the 
parasites; (3) the drug of choice, its indications and contraindica- 
tions, and (4) the method of determining the therapeutic efficiency 
of the treatment. 

In the choice of a drug we are concerned not merely with the 
question of which anthelmintic is the most effective, but also with 
the question of which one is the safest. There is no single satisfac- 
tory anthelmintic. Smillie (1939) has stated that ^^we have been look- 
ing for an ideal vermifuge for a long time, but it has never been dis- 
covered.'' 

The following is a list of some of the more important anthelmintic 
drugs and the helminths against which they usually are administered: 

Oleorcsiii of Aspidium (Tapeworm) 

('arbon Tetrachloride (Ilookworm, Tapeworm) 

Tetrachlorethylene (Hookworm, Trichuris, Trichinella spiralis) 

Hexyl resorcinol (Ascarides, Hookworm, Oxyuris, Hymenolepis nana) 

Oil of Chenopodium (Ilookworm, Ascarides) 

Gentian Violet (Oxyuris, Strongyloidos) 

Santonin (Hound worms) 

Tartar Emetic (Flukes) 

Stibophen (Flukes) 

Aiithiomaline (Flukes) 

Neostibosan (Filaria hancrofti) 

Miscellaneous Anthelmintics 
I^he <le higuerdn 
Acranil 

Pelletierine Tannate 
Phenothiazine 

Oleoresin of Aspidium 

Oleoresin of aspidium is a dark green, thick fluid obtained from 
the rhizomes of Aspidium or male fern. Aspidium or male fern is 
found widely distributed throughout the world and has been used as 
a vermifuge since ancient times. The anthelmintic action resides 
in several closely related substances, i.e., fllicic acid, aspidin, 
albaspi^n, etc. The most important is probably the amorphous 
fllicic acid. 

Phannacologicai Action. — Aspidium has a strong local irritant action 
on the gastrointestinal tract. Large doses stimulate the spinal cord. 
It is e direct cardiac depressant because large doses slow the heart and 
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weaken the force of contraction. The active principle, fllicic acid, 
probably acts by paral}*zing the muscles of the parasite. A small 
amount of aspidium is absorbed and this is excreted in the unno 
partially unchanged and partially decomposed. 

Toxicology. — Symptoms of toxicity may occur following the ad- 
ministration of therapeutic doses, and large doses are often danger- 
ous. Usually the active constituents of aspidium are not ab- 
sorbed but if absorption occurs, violent symptoms may ensue. The 
symptoms of poisoning are colic, diarrhea, headache, dizziness, 
dyspnea, yellow vision, and temporary blindness. Severe symptoms 
are characterized by delirium, cramps, syncope, tonic convulsions, 
and coma. Recovery is slow and often accompanied by permanent 
blindness. Treat the poisoning by administering an evacuant fol- 
lowed by a demulcent. The stomach should be emptied by a non- 
depressing emetic, such as powdered mustard (a tablespoonful in a 
cup of warm water). A full dose of magnesium sulfate should be 
given to flush out the bowel. The patient may bo stimulated by heat, 
strychnine, caffeine, etc. Recovery is slow. 

Therapeutic XTses. — Oleoresin of aspidium is a useful drug in the 
treatment of tapeworms. Castor oil and other fixed oils or fats are con- 
traindicated, as they favor absorption of the toxic drug. Alcohol is 
prohibited. The usual dose of oleoresin of aspidium for children 
is 0.5 gram per year of age, but not to exceed 5 grams. Even in an 
adult this dose had better not bo exceeded. 

The substance is exceedingly bitter and the taste is difficult to 
disguise. It may be best administered in capsule form. Magath 
and Brcwn (Mayo Clinic) use the following prescription: 

n 

Aspidium Oleoresin 8.00 Gm. (3ij) 

Acacia 6.00 cc. (foiss) 

Water q.s. ad 60.00 cc. (fjij) 

M. 8tir well. 

Sig.: As directed by physician. 

Administration. — 

1. Starvation diet for two days (of que.«»tionable value). 

2. Saline purge (magnesium sulfate, 15 Gm. in water) twice within 
first forty-eight hours (of questionable value). 

3. Third day: Give oleoresin of aspidium on empty stomach in 
doses of 2 cc. in capsules at half-hour intervals for three doses. 
(Total dose 6 cc.) 

4. After final dose give capsule containing 2 cc. of spirit of turpen- 
tine, followed by a saline purge and two hours later by a large 
soapsuds enema to ensure complete evacuation of colonic con- 
tents. 

5. Look for head of worm in stool. If the drug has not been 
effective, repeat procedure in two or three weeks. 

Preparations 

Aspidium, Aspidium, U.S.P. (male fern). The rhizome and stipes of 
European aspidium (male fern) or American aspidium (marginal 
fern), which have retained their internal green color. Coti tains 
not less than 1.5 per cent of crude filicin. Filijc Mas, B.P.. 
4-12 Om. (60-180 grains). 

Aspidium Oleoresin, Oleoresina Aspidii, U.S.P. Dosage: Caution 
Single dose, once a day 4 Gm. (60 grains) in capsules or in 
emulsion. 
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Carbon Tetrachloride 

Carbon tetrachloride (tetrachloromethane, CCI4) is a clear, color- 
less liquid, possessing a <Jhloroform-like odor and practically no 
taste. It is very slightly soluble in water (1:2,000) and miscible with 
alcohol. It is an effective and relatively cheap remedy for the treatment 
of hookworms but is considered quite toxic. It soon became apparent, 
however, that severe liver damage was produced if sufficient amounts of 
carbon tetrachloride were absorbed. Investigations have shown that 
toxicity of CCl* was reduced if the patient was given a carbohydrate- 
and calcium-rich <liet and was warned to abstain from alchol and fatty 
foods. 

(’arbon tetrachloride has been rejdaced largely by two safer agents, 
tetrachloroethylene and hexylresorciiiol. 

PKKI’A RATION 

Carbon Tetrachloride, Carhonri Tftrnchlnridum, N.F. Dosage: Cau- 
tion! As an anthelmintic for adults, single dose, 2.5 cc. Not to 
be repeated within three weeks. 

Tetrachloroethylene 

Tetrachloroethylene (carbondichloride, CClj’.CCl,) is a sjTithetic, chlo- 
rinated, aliphatic hydrocarbon of low toxicity and high efficiency, and 
is the drug of choice for the removal of hookworms. Therapeutic 
doses are nontoxic. On account of its low solubility in water, 
there is little absorption from the intestine. It is especially in- 
dicated for hookworm infestation. It has been used against other 
worms with less success. Its use against ascaris is not recommended 
because of the danger of causing migration of the worms. 

Procedure , — Administer from 1 to 3 cc. of the drug, depending on 
the ago of the patient. Children may be given 0.2 cc. for each year 
of age up to fourteen. Tetrachloroethylene is usually administered in 
soft gelatin capsules. (Discard broken capsules.) The gastrointestinal 
tract should be thoroughly emptied before administering the drug. No 
fats, oils, or alcohol should be given with, or some time after, the ad- 
ministration of tetrachloroethylene, because they promote the absorp- 
tion of the drug. A dose of tetrachloroethylene should be followed by 
a saline cathartic of sodium or magnesium sulfate. One dose of tetra- 
chloroelhylcne is usually sufficient, but if necessary it may be repeated 
after a period of ten to fourteen days. 

Although it may produce sliglit giddiness and drowsiness, no deaths 
have been reported from its use in hookworm infection. It is Uie con- 
sensus that tetrachloroethylene is less toxic than carbon tetrachloride 
(CCI 4 ) and at len.^t as efficacious. It is important to distinguish tetra- 
chloroethylene (C,Cl«) from tetrachlorethano (C,HsC]«), because the lat- 
ter is a dangerous poison. 

Trichi^wsi ^. — Treatment for this condition is most unsatisfactory. 
All the anthelmintics have their advocates, AVhen a mild intestinal 
upset and low fever can be recognized as the intestinal stage of in- 
festation, the administration of 2.5 cc. of tetrachloroethylene followed 
in two hours by a purge to remove the worms is recommended (Cut- 
ting, Iff^S). The purge may remove worms before they penetrate the 
intestinal wall. This treatment is for the early stage only. 

Preparation 

Tetrachloroethylene, Tetrachloroaethylenum, U.S.P. Dosage: 3 cc. 

(45 minims). 

Tetrachloroethylene Capsules, Capsulae Tetrachloroaethyleni, U.S.P. 

The usual sizt's contain 0.2 cc., 1 cc., and 2.5 cc. 
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Hezylresoxcinol 

Hexylresorcinol (1:3 dihydroxy-4-hexylbenzol) was introduced into 
medicine as a urinary antiseptic by L^nard (1924) and was recom- 
mended by Lamson and Ward (1931) as an anthelmintic. 

Pbannacological Action. — Hexylresorcinol is an efficient antiseptic. 
It has a phenol coefficient of 45. Part of its antiseptic action may be 
due to its great ability to lower surface tension. Following oral inges- 
tion one-third of the drug is dhaorbed and the rest excret^ unchanged 
in the feces. The absorl^ portion of the drug is excreted by the kid- 
neys in a conjugated form which greatly decreases its action as a urinary 
antiseptic. 

To:idcology. — High concentrations of hexylresorcinol are irritant and 
damaging to tissues. Oral administration may cause irritation of the 
mouth and gastrointestinal tract. It has a low systemic toxicity, prob- 
ably due to its limited absorption. 

Therapeutic Uses. — ^Hexylresorcinol in hard gelatin capsules (single 
dose, 0. 6-1.0 Gm.) is the preparation of choice in ascariasis (Faust, 
1941). It is essentially non toxic, much more efficient than santonin 
and distinctly safer than oil of chenopodium. Pretreatment and post- 
treatment saline purgation are indicated. 

This drug is also active against hookworm, oxyuris, dwarf tape- 
worm, and whipworm. Because of its effectiveness against so many 
varieties of worms, and since it is a drug of low toxicity it is the most 
valuable single anthelmintic agent. It is particularly useful in the 
treatment of children and other individuals not able to stand more 
drastic anthelmintics. 

Administration. — 

Routine Instructions: 

1. Administer in morning before breakfast. 

2. Dosage: Children below 6 yr., 0.6 Gra.; for those 6 to 10 yr., 
0.8 Gm.; for adults, 1.0 Gm. 

3. Two hours later, administer saline cathartic. 

4. Food may be taken after 5 hours. 

5. May repeat regimen at three-day intervals. 

Note: Use this procedure for all types of parasites. 

Preparation 

Hexylresorcinol, Hexylresorcinol, U.S.P. Dosage: Anthelmintic, 1 Gm. 

(15 grains). 

Hexylresorcinol Pills, Pilulae nexylresorcinolis, U.S.P. Dosage: 1 Gm. 

(15 grains). 

Ohenopodluxn Oil 

Chenopodium oil (Oil of American Wormseed) is a volatile oil 
distilled with steam from fresh overground parts of the flowering 
and fruiting plant of Chenopodium ambrosioides var. anthelmintiaum. 
It is an effective antlielmintic against the hookworm, pinworm, and 
tapeworm* It is more effective against the hookworm and more pleasant 
to take than thymol. The active constituent is aaoatidol 
which is present in from 45 to 70 per cent concentration. This com- 
poimd is 30 per cent more toxic than the whole oil. The oil has the 
serious disadvantage that different samples vary in toxicity and that 
it deteriorates with age. 

Phannacologlcal ActioxL-— The drug is absorbed chiefly from the 
small Intestine. In therapeutic doses it is excreted by the lungs and 
kidneys over a prolonged period of time and is not readily detected 
pharmacologically. It is excreted In the urine combined with glycuronic 
acid- • ^ 
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The drug irritates both skin and mucous membrane; it depresses 
the circulation and slows and weakens the pulse. The drug paralyzes, 
but does not kill, the worms which must be eliminated by free purgation. 

To^cology*-— Therapeutic doses often produce minor toxic symptoms, 
especially dizziness and nausea, and sometimes vomiting and deafness. 
There may follow a deafness lasting for years. Albuminuria and 
hematuria may occur. The drug is contraindicated in nephritis, 
organic heart disease, hepatic dysfunction or ulceration of the in- 
testine. It should be administered only under the direct supervision 
of a physician. Great care should be taken in the use of this drug 
in the treatment of poorly nourished individuals and in cases of ad- 
vanced heart and kidney disease; in pregnancy it is contraindicated. 
Severe intoxication is frequent and is generally attributed to over- 
dosage; a few deaths have been reported from therapeutic doses. 

Treatment , — The treatment is mainly 83 rmptomatic. Caffeine and 
strychnine may be used as stimulants, and atropine to check salivation, 
cramps and respiratory depression. 

Therapeutic Uses. — ^This drug has lately won a high place in the 
treatment of ascariasis; reports indicate that a single dose will remove 
from 70 to 100 per cent of the worms. Originally it was employed 
chiefly for ascarides, but it is now used also in the treatment of hook- 
worm disease, although, because of its toxicity, it has largely been re- 
placed by other drugs. 

In the administration of this drug the preliminary starvation and 
laxative treatment is not necessary. Sometimes a 3 cc. dose is placed 
in two capsules and given two hours apart, the final dose being fol- 
low'ed in two hours by a purge of castor oil. Darling and Smillie 
found that a dose of 1.5 cc. of the oil removed 90 per cent of the 
worms and cured 80 per cent of the cases. For treatment of a child 
give as many drops of the oil on a piece of lump sugar, as the child 
is years old. Repeat in two hours, then follow in three hours by a 
castor oil purge. 

Ascaridol is given in doses of 15 minims (1 cc.) for adults, on an 
empty stomach and followed in an hour by a saline purge. 

Preparation 

(’henopodium Oil, Oleum Chenopodii, N.F., B.P. Dosage: Caution! 

As an anthelmintic for adults, single dose, 1 cc. (15 minims). 

Gentian Violet (Methylrosaniline Chloride) 

Gentian violet was introduced as an anthelmintic by Faust (1930). 
It is the most satisfactory drug for oxyuriasis and strongyloidosis. It 
is a mixture of pentaraethylpararosaniline and hexamethylpararosaniline 
chlorides. It is soluble in 25 parts of water and in 10 parts of alcohol. 

Pharmacological Action. — Besides being an efficient anthelmintic, 
gentian violet is a useful antiseptic for infected wounds, mucous mem- 
branes, and serous surfaces. The drug is valuable in the treatment of 
burns because of its ability to form a precipitate with necrotic tissues. 

Gentian violet acts on the intestinal parasite by producing an in- 
tensive blistering effect on the cuticle of the worm. Its efficiency is 
greatly reduced by the presence of food in the gastrointestinal tract, 
hence purgation or fasting is indicated before its use. 

The drug may be administered as a 1:2,000 solution in a series of 
daily enemas for three weeks. 

Therapeutic Uees. — In the treatment of either oxyuriasis or stron- 
gyloidosis Faust recommends a total dosage of 50 grains, to be given 
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in 1 grain amounts three times daily with meals. In 
the drug is prescribed continuously until the total amount has oee 
taken; in oxyuriasis it is administered for eight days, follows oy one 
week of rest, and then repeated for eight days. During both treatment 
and rest periods the anus should be kept clean. It is well to anoint tnis 
region with ointment of ammoniated mercury at regular intervals to 
prevent reinfection by the eggs. 

The dosage for children over three years of age is based 
a day for each year of apparent (not chronological) age. This daily 
dosage should be divided into three parts. The treatment is earned 
out as for adults. Reactions to gentian violet are fairly common, con- 
sisting usually of nausea, vomiting^ diarrhea, constipation, and slight 
abdominal pain. If reactions ensue, it is advisable to reduce the 
dosage or withhold treatment for a day or two until the patient returns 
to normal. In controlling pinworm infestation within the household, 
it is necessary to treat all infested members simultaneously in order to 
reduce opportunity of reinfestation through eggs scattered around the 
house by nontreated individuals. 

Gentian violet is contraindicated in moderate to severe heart, hepatic, 
and renal disease, in gastroenteritis, in pregnancy and in the presence 
of febrile or debilitating diseases. The patient should abstain from 
alcohol during the treatment. Persons sJuiTering from ascariasis should 
be treated for ascarides before the administration of gentian violet. 

Preparation 

Methylrosanilino Chloride, Methylromnilinae Chforidum^ U.S.P. (Gentitin 
Violet, Methyl V'iolet, Crystal Violet). Dosage: 00 mg. (J 
grain). 

Santonin 

Santonin (C„H„0,), a gluco.side of snntonica (Levant wormseed), 
is one of the oldest of the anthelmintics, having been used against 
roundworms since the time of Dioscorides. It occurs as a colorless 
powder or as crystals. Jt is oiiorless and possesses a bitter taste. 
The drug is almost insoluble in water, but soluble in alcohol (1:43). 
It is frequently used, as it is tasteless and uonirritant, and easily 
administered to children. 

Pliannacological Action. — The drug is readily absorbed from the 
small intestine. Under certain conditions, such as excess bile or 
alkalinity in the intestine, santonin may cause toxic symptoms. It is 
changed in the intestine to sodium .santoninate ; the major portion is 
excreted with the feces. The portion absorbed is changed in the 
organism by oxidation and passes out in the urine. 

The drug apparently is irritant to the worms, causing their passage 
to the large intestine, from whivh they are expelled by a purgative. 
Excessive doses first stimulate and then paralyze the central nervous 
system, particularly the special sense centers. 

Toxicology. — Poisoning from santonin may occur with convulsions or 
milder symptoms of nausea and vomiting. The gastrointestinal symp- 
toms usually appear first. They are nausea, vomiting, cramps, and 
diarrhea. Nervous symptoms appear later, such as headache, vertigo, 
weakness, and unconsciousness. At times there is a profuse diarrhea or 
dysentery, the heartlieat may become slow and feeble, the blood pres- 
sure may fall, and there may be albuminuria and hematuria with pain- 
ftil micturition. In some persons, therapeutic doses affect the retina, 
rerolting in ^♦yeUow vision. Objects first appear bluish, then yellow. 
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This condition usually lasts only a few hours. In some cases the senses 
of taste and smell and occasionally hearing are deranged. 

Treat poisoning by stomach lavage and saline cathartics. Stimulants 
are indicated for collapse, and ether for convulsions. 

^ Therapeutic Uses. — Santonin is used almost exclusively, and is pos- 
sibly the most effective remedy, for Ascaris lumbricoides (round- 
worms). It is sometimes used also for the removal of pinworms. It 
is prescribed either with some inert substance or with a purgative, 
particularly calomel. In adults the crystals may be prescribed in 
capsules. For children small crystals may be used with sugar. The 
following prescription is recommended. 

In treatment of roundworms (child of 8 years) : 

R 

Santonin (cryst.) 

Mild Mercurous Chloride 

Lactose 

Mix and place in four capsules. 

Sig.; One every hour. 

Routine , — On the day before treatment begins, give a soft diet fol- 
lowed by a dose of castor oil (two to three ounces) at night. Ad- 
minister the drug early in the morning before breakfast. One hour 
later give 1 grain of calomel. Two hours later administer a dose of 
magnesium sulfate. Kepeat treatment in one week if parasites persist 
in stools. 

Ransom (Nelson Loose-Leaf Med.) states: **It may be given in 
a dose of 1 to 3 grains (0.065 to 0.2 Gm.) to adults, mixed with an 
equal quantity of calomel, or to children at the rate of % grain 
(0.01 Om.) per year of age, also with calomel. This dose is given two 
or three days in succession and the treatment repeated in about ten 
days if eggs are still present in the feces. 

Preparation 

Santonin, Santoniuumf N.F., H.P. Dosatn : 0.06 Gm. (1 grain). 

Tartar Emetic 

Tartar emetic, or antimony and potassium tartrate (sec also under 
Antimony), has been widely and effectively used in the treatment of 
schistosomiasis. 

Dosage: Administer by vein a 6 per cent solution on alternate days, 
Tho dose is 0.6 cc. for the first iiijcvtion, 1 cc. for the second, 1.5 cc. 
for the third, and 2 cc. thereafter until 24 cc. have been given. 

The injection of more dilute solutions les.««ens the toxic symptoms, 
such as coughing and muscular stiffness, which usually accompany its 
administration. Dosage: Give an initial dose of 8 cc. of 0.5 per cent 
solution, increasing by 4 cc. for each subsequent injection given on 
alternate daj^ until a daily dose of 28 cc. is reached. Continue dose 
until a total of 444 cc. has l>een given. 

Bince the drug is heat labile, it should be added to sterile water or to 
a 5 per c^nt dextrose solution which has just been boiled. 

Newer Antimony Compounds 

Sttbophen (Fuadin), N.F., is a less toxic antimony compound 
which is simpler to administer than tartar emetic but is less ef- 
fective. It is sodium antimony III bis-catechol-2,4 disulfonate, con- 


0.06 Gm. (gr.j) 
0.03 Gm. (gr.ss) 
2.00 Gm. (3bs) 
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taining 13,6 per cent of trivalent antimony. It is useful against 
flukes, and is also used against granuloma inguinale and kala-azar. 

Administration: Give intramuscularly 1.5 cc. (7 per cent solution) 
on the first day, 3.5 cc. on the second, 5 cc. on the third, and 5 cc. every 
other day until a total of 40 cc. have been given. Repeat in one week 
if ova are still present in stool after treatment. 

AnthiomaUne. — ^Mills (1946) reported this antimony compound to 
be effective in the treatment of blood flukes. No serious toxic symp- 
toms were associated with its use. 

Keostibosaa (Ethylstibamine) is a pentavalent antimony-organic 
mixture (see under Antimony). It is presumed that antimony com- 
pounds such as neostibosan are able to kill the adult filarial worms. 

In the treatment of Filaria hancrofti, neostibosan may be given 
intramuscularly in doses of 3.3 Qm. on alternate days, for five to seven 
weeks. (See N.N.R.) 

Miscellaneous Anthelmintics 

Leche de higuerdn or '^Higueronia.^* The fresh latex of Ficus 
laurifolia or gldbrata is reported to be effective in whipworm infesta- 
tion. Being a proteolytic enzyme it digests the worms. 

AcraniL — ^This compound is an acridine derivative closely re- 
lated to quinacrine. Berberian (1946) found it effective in the treat- 
ment of tapeworms. Children were given W 2 to 7 Mi grains (0.1 to 
0.5 Gm.) according to age. The drug was given on an empty stomach 
and three hours later a saline purge was given. Treatment was con- 
tinued in smaller doses for a period of three more days without any 
further purgation. 

Pelletlerine tannate is a mixture of the tannates of several alka- 
loids obtained from pomegranate. Its use in the treatment of tape- 
worm is mentioned in early writings. This drug is little used to- 
day because of the frequency with which it produces toxic symptoms 
such as cramps, dizziness, and visual disturbances. Blindness has 
been reported from the use of this drug. 

Phenothiaalne, widely used as a veterinary vermifuge, has also 
been used in treating pinworm infestations. The dose recommended 
is 1 to 2 Gm. daily for seven days (children 0.25 to 0.5 Om.) with 
repetition of the course after one week's rest. Administer drug in 
capsules. Follow treatment closely by red blood count as pheno- 
thiazine may produce a severe secondary anemia. 

AMEBICIDKS 

Of the numerous protozoan infections of the human bowel, only two 
are sufficiently important to warrant discussion here. These are amebi- 
asis, caused by Endamoeha histolytica, and giardiasis produced by 
Giardia lamhlia. 

Amebiasis is caused by the invasion of the tissues of man by a 
pathogenic ameba, Endamoeha histolytica. Symptoms vary from slight 
digestive upsets to severe dysentery and constitutional manifestations. 
In its mildest form, amebiasis consists of the presence of ameba in 
the lumen of the large intestine with or without some penetration or 
ulceration of the mucosa. The ameboid form may later migrate to 
the liver, lungs, brain, and other viscera. About 10 to 20 per cent of 
the population of the United States is believed to harbor the parasite 
and act as symptom-free carriers of the parasite. 

In severe bowel involvement more severe symptoms occur, such as 
chronic diarrhea, symptoms of dysentery, and the so-called amebic 
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colitis. If untreated, amebic hepatis may result and even secondary 
invasion of the liver causing severe amebic abscesses. Occasionally, 
lung invasion may occur. ' 

The vegetative form of the parasite, which is responsible for the 
pathogenicity of the disease, does not survive long outside of the 
body and is destroyed by gastric acidity. The encysted form is quite 
resistant and is responsible for transmission of the disease. The 
cystic form enters the host by way of the mouth. 

Three types of compounds are used at present as the main therapeu- 
tic agents in the treatment of amebiasis. These amehicidal drugs 
may be classified as follows. 

1. The Emetine Group 

^ecac 

Emetine 

Emetine Bismuth Iodide 

2. The lodoquinoline Derivatives 

Chiniofon (Yatren) 
lodochlorhydroxyquinoline ( Vioform) 
Diiodo-oxyquinoline (Diodoquin) 

3. The Arsenicals 

Carbarsone 

Acetarsone 

4. Miscellaneous Agents 

Penicillin 

Bulfasuxidine 

THEBAPT OF AMEBIAB18 

None of the above drugs is effective against all the stages of the 
disease; therefore, treatment consists of the alternate use of two or 
more preparation.s. The moat recent trends in the treatment of 
amebiasis are incorporated in the Army Medical Department plan 
used near the close of World War II. The following is a r^sum^ of 
the plan; 

Cour.se I (Acute cases with ameba in stools). Emetine hydrochlo- 
ride daily by hypodermic injection for four to six days, followed im- 
mediately by oral administration of emetine-bismuth-iodide for twelve 
consecutive days. A daily retention enema of chiniofon (yatren) 
\a given with the emetino-bismuth-iodinc. Following this treatment, 
the patient is given diodoquin for twelve succei^aive da 3 ^ 8 . (Carbar- 
sone or acetarsone, by mouth, is a second choice.) The patient may 
be allowed to get up at this stage. If bacillary dysentery is also 
present, sulfasuxidine may bo administered along with the emetine 
injections. 

Course II (Patients passing cysts but no vegetative forms and free 
of symptoms). Treat exactly as in Course I but omit emetine injec- 
tions. 

Course III (For patients that resist ordinary treatment). A pre- 
liminary course of penicillin and sulfasuxidine may eliminate py- 
ogenic organisms. The patient may now respond satisfactorily to 
Course I. 

If cure is not obtained by the above treatments, allow a rest 
period of ten days and repeat the entire course. Microscopic exam- 
inations of the stools for at least six consecutivs days, two weeks 
after treatment, will establish the success or failure of the treatment. 
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Ipecac 

Ipecac was introduced into Europe in 1658 from Brazil where 
natives used the root in the treatment of diarrheas. The action of 
ipecac depends on its active principles, the alkaloids, emetine, and 
cephaeline. Emetine constitutes more than one-half of the total al- 
kaloid content of ipecac. It is a more active amebicide than ceph- 
aeline and is more toxic to the heart, while the latter causes more 
nausea and vomiting. 

Action and Uses. — Besides possessing amebicidal action, ipecac 
possesses expectorant and emetic action. It possesses all of the 
actions of emetine as well as the added effect of cephaeline. The 
drug is usually employed in amebiasis when the patient has proved 
refractory to other treatment. It is usually prescribed in salol- 
coated pills as a means of lessening the severe gastric irritation and 
vomiting. The course of treatment for amebiasis may be as follows: 
Administer 10 to 15 pills (0.3 Gm. each) at night before retiring. 
The full course consists of 100 pills and the patient should have 
absolute bed rest during treatment. 

Emetine 

The principal constituents of ipecac are emetine (12 per cent), 
cephaeline, tannic acid, etc. Emetine, which is methyl cephaeline, con- 
stitutes about 63 per cent of the total alkaloids. It is more anti- 
amebic and considerably less emetic than cephaeline. The action of 
ipecac is due entirely to its alkaloids emetine and cephaeline; emetine is 
to be preferred in medicine. Emetine was used successfully in me<licine 
by Rogers (1913). It has important advantages over powdered 
ipecac, in accuracy, effectiveness, and ease of administration. 

Pharmacological Action. — Emetine is a strong irritant of all 
mucous membranes, such as the eye, nose, etc. When taken oralh' 
it produces irritation of the stomach and intestine, causing vomiting 
and diarrhea. 

Hypodermic injections of emetine hydrochloride produce gastro- 
intestinal irritation and vomiting, but the hypodermic emetic dose 
(approx. 0.06 Gm.) is ten times the oral emetic dose. The emetic 
action is longer when the drug is given hypodermically, therefore the 
drug probably has no central action. The drug is eliminated slowly, 
hence the action is cumulative, and continued administration of 
moderate doses may result in poisoning. 

Toxicology. — Emetine causes vomiting by its action on the mucous 
membrane of the stomach. If given in large doses it causes intesti- 
nal irritation, cardiac weakness, fall in blood pressure, and even 
cardiac paralysis. Clinical accidents have occurred from doses of 
25 mg. per Kg. (Leibly, 1930). These accidents may be explained 
by its cumulative action. Effective treatment is accompanied by 
toxic phenomena in a high percentage of the case.s treated (80%) 
(Dobell and Bishop, 1929). It is contraindicated in patients with 
symptoms of heart failure or metabolic diseases. 

Therapeutic Uses. — ^Emetine hydrochloride is emetic and ame- 
bicidal. It is seldom used as an emetic, or for routine treatment of 
amebiasis, but is valuable in association with other amebicides. 

Dosage: Administer emetine hydrochloride by muscular injection 

30 mg. (% grain) twice daily for four to six days. Extend treat- 
ment to twelve days only in cases of recalcitrant hepatic amebiasis. 
Intravenous administration is dangerous and subcutaneous injections are 
often painful and discolor the skin. 
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Preparation 

Emetine Hydrochloride, Emetinae llydrochloridum, IJ.S.P., B.P. 

Dosage: 0.06 Gm. (1 grain). 

Emetine-Bismuth-Iodide 

Numerous insoluble emetine preparations have been prepared for 
oral use in the treatment of amebiasis. These preparations are less re- 
liable than the parenteral preparations and may cause more gastrointes- 
tinal disturbances. 

Kmeiine-bismuth-iodide is probably the most useful of the oral 
preparations. The iodine content of this preparation may contribute 
to some of its effectiveness. This agent is given by mouth in doses 
of 0.2 Gm. (3 grains) daily for twelve consecutive days. Administer 
in a gelatin capsule on retiring at night. A barbiturate may be given 
to allay nausea. 

Chiniofon (Yatren) 

Chiniofon is a mixture of 7-iodo*8-hydroxyquinoline-5-8ulfonic acid, 
sodium bicarbonate and sodium iodohydroxyquinoline.sulfonate, con- 
taining from 26..'} to 28.9 per cent iodine. 

Chiniofon powder is employed principally in the treatment of 
intestinal amebiasis. It is claimed that this drug acts locally 
upon amebae in the alimentary tract and also through the blood 
stream upon those embedded in the mucosa. Toxic symptoms are 
rare, but diarrhea may result from its oral use. 

Consecutive series of chiniofon enemas are given daily for twelve 
days. The strength usually employed to start with is 200 cc. of 2.5 
per cent and then increasing the strength if it is well tolerated. Oral 
administration is rarely employed because of diarrhea and the scald- 
ing sensation during defacation. 

Preparations 

Chiniofon, Chiniofonum, U.8.P. Iodine about 27%. Dosage: 1 Gm. 
(15 grains). 

Chiniofon Tablets, TahrlUie Chiniofoni, U.H.P. Dosage: The usual 
size contains 0.25 Gni. 

lodochlorohydroxyquinoline (Vioform) 

lodochlorhydroxyquinoline, Vioform (N.N.K.), CJI^N.OH.I.Cl, is a 
grayish powder almost insoluble in water and sparingly soluble in 
alcohol. 

This drug is used against trichomoniasis, vaginitis, and internally, 
against amebiasis. Like chiniofon, it is effective only in intestinal 
amebiasis, especially the chronic type, and acts both on the motile and 
cystic forms of amebas. Vioform is also used locally as a dusting 
powder on wounds, ulcers, bums, and exudative skin eruptions. Against 
amebiasis, 0.75 gram to 1.0 gram daily is administered in capsules in 
divided doses of 0.25 gram by mouth for ten days. The course may be 
repeated after a rest period of ten days. Toxic symptoms, such as 
gastrointestinal irritation, have been reported. Vioform should be 
used with caution in patients with liver damage. lodism should be kept 
in mind and also the possible effect on a patient with goiter. 
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Diiod<M>xyqulnoline (Diodoquin) 

Diodoquin is a more recent drug of this group. It is apparently 
poorly absorbed and relatively nontoxic. However, attacks of ab- 
dominal pain, diarrhea, and headache have been reported. 

The dose is 3 tablets, each 0.2 Gm. (3 grains), three times daily for 
20 days. Results have been consistently good. 

Oarbanone 

Carbarsone, p-carbamido-phenylarsonic acid, NH,.CONH.C,H 4 - 
A 8 :O:(OH )|0 is a complex arsenic compound containing about 28 
per cent arsenic. It is a white powder, slightly soluble in water and 
in alcohol, and freely soluble in alkalies. 

Pbannacological Action. — Carbarsone is directly amebicidal by 
virtue of its arsenic content. It is readily absorbed after oral ad- 
ministration and is excreted slowly in the urine. Best periods be- 
tween courses are indicated because of its tendency to cumulate in 
the body. Like chiniofon, the action of carbarsone on motile forms 
is not as effective as that of emetine. Carbarsone does not act on 
amebas in- abscesses of the liver and other organs. 

Toxicology. — ^Few cases of poisoning have been reported relative 
to the therapy with carbarsone. Skin rashes and localized edemas 
have been reported. Severe exfoliative dermatitis is practically 
unknown. Deatb following its use is very rare. 

Therapeutic Uses. — ^Beed (1935) places carbarsone in first place 
among the amebicidal drugs. It has the advantage that it can be 
given both orally and rect^ly. Recently, however, the iodoquinoline 
derivatives have been a favorite of the more experienced clinicians. 

Dosage: Carbarsone is given in 0.25 Qm. (4 grains) capsules twice 
daily ^ter meals for twelve days. Rectal administration is also 
satisfactory. When giving carbarsone rec tally, first give a cleansing 
soda enema, followed in one hour by instillation in the rectum of 
200 cc. of 1 per cent sodium bicarbonate. Precede enema by the oral 
administration of 0.2 Gm. (3 grains) of sodium amytal to insure sleep 
and aid retention of enema. Repeat enemas on alternate nights un- 
til ffve have been given. This course may replace the oral admin- 
istration but should not be administered at the same time. 

The drug is contraindicated in patients exhibiting gastrointestinal 
upset, respiratory distress, visual disturbances, jaundice, certain skin 
manifestations, and any evidences of renal damage or liver and spleen 
enlargement. 

Acetarsone (Stovarsol) was introduced as an amcbicide in 1923. It is 
seldom used bemuse of its toxicity. 

Preparation 

Carbarsone, Carharsonwn, U.S.P. Dosage: 0.2 Qm. (3 grains). 

Miflcellaneous Agents 

PenicUHn has been tried with excellent results (Hargreaves, 1945) 
in patients not responding to the ordinary treatment of amebic infec- 
tion. It is reported to brin^ about dramatic symptomatic relief. 

8ulfasu»idwe has been tried to combat some of the organisms 
not responsive to penicillin. Its use has been successful in render- 
ing refractory patients more amenable to ordinary treatment. 

That one alone probably will not suffice in the treatment of 
amebiasis has been shown by many and quite recently re-emphasized by 
Hayward, 1946. The following course was followed among the British 
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Middle East Forces: Emetine, 1 grain (60 mg.) daily with quinoxyl 
(2.5 per cent) enema for 10 days. Carbarsone, 0.25 Gm. two times a 
day for eight days followed by emetine bismuth iodide, 3 grains 
(0.2 Gm.) for twelve days. 
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CHAPTER IX 


ANTISEPTICS, DISINFECTANTS, AND 
ANTMNPECTIVES 

III. ANTI-INPECTIVES (Continued) 


ANTISYPHILITIC DRUGS 

The drugs used in the treatment of syphilis will be discussed 
first, and then their practical application will be presented. During 
the last four or five years two innovations in the therapy of syphilis 
are apparent — ^first, the shortening of the periods of treatment, and, 
second, the introduction of penicillin, an active and relatively non- 
toxic spirocheticide. The organic arsenicals, bismuth preparations, 
mercury preparations, iodides, and penicillin will be discussed in 
their relation to the therapy of syphilis. 


Organic Arsenic Compounds 

Various organic arsenic compounds have been introduced into medi- 
cine to improve the therapeutic action of inorganic forms. The 
organic or nonionic forms do not immediately produce typical arsenic 
effects but slowly free more or less active ionic arsenic which produces 
typical arsenic reactions. This reduction or modification in the body 
occurs at widely different rates for the different compounds which 
may account for some of the differences in their actions. 

The organic compounds, or some of their derivatives, differ from the 
inorganic forms in the following important details : 

1. The organic compounds are less toxic to mammals and more toxic 
to protozoan parasites. 

2. Some remain in the blood for a longer period than does the in- 
organic arsenic compound, and thus remains longer in contact with 
parasites which are to be killed. 

3. The organic compounds are more toxic to the parasites than to 
the host. 

4. The organic arsenic compounds are thought to be changed to more 
active forms in the body. 

Mode of Action of Organic Arsenicals. — Typical arsenic action re- 
sults from trivalent arsenic. The arsenic in pentavalent compounds must 
be reduced to the trivalent form before a typical arsenic reaction re- 
sults. Some workers believe that the arsphenamines pass through the 
^^arsenoxide’^ stage before they produce their beneficial actions. The 
reactions may be as follows: 


OH 

B— i«=0 

Pentavalent type 


R — Ab=zO «• 


Arsenoxide 


R — As— As~~“R 


Trivalent typo 


The reduction to the trivalent form occurs in the body and varies 
greatly with the different compounds. In some cases the effects produced 
by these compounds are due to arsenic which is slowly rendered active; 
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in others, the therapeutic effects may be due in part at least to unaltered 
molecules. Since in the body the organic compounds are less toxic to 
mammals and more toxic to protozoan parasites, they become available 
for combating trypanosomiasis, treponematosis, and other protozoan 
infections. 

The action of arsenoxides is believed to be due to their reaction on 
the sulfhydryl compounds in the cells in which they are absorbed. 
This view is supported by the chemical reaction between arsenoxides 
and compounds possessing free sulfhydryl groups and by the antidotal 
action of such compounds as cysteine, glutathione, and BAL, which 
are sulfhydrjd compounds, against toxic doses of arsenoxides and 
arsphenamines. 


Classification of Common Organic Aisenlcals 

The discovery of salvarsan was a great step forward in the treatment 
of syphilis, but its use is attended by certain difficulties. This fact has 
stimulated research and resulted in the preparation of many new organic 
arsenicals. None has any marked superiority over salvarsan and neo> 
salvarsan but several possess certain characteristics which make them 
valuable in the field of therapeutics. 

Organic arsenic compounds may be divided into trivalent and penta* 
valent forms. The following are described: 

I, Trivalent Arsenic Compounds 

A. Arsphenamine (Salvarsan) 

A 8= 

OH 


—As 






(3-Di-hydroxy-4 diamino-arseno-benzene hydrochloride) 

B. Neoarsphenamine (Neosalvarsan) 

As — ...iz- As 


NH,L J L UNHCH^OSONa 

im 

(Sodium 3,3' diamino-4,4'-dihydroxyar8enobenzene methanol sulfoxylate) 

C. Sulf arsphenamine (Sulfarsenol) 

As - As 




N»0J3.0CH,.HNL 


OH 


!NH.CH,O.SO,jra 


(Anphenamine-dlmethykne sulfonate) 
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D. Mapharsen 

AstO 

0 

(m 

(3«amino-4 -hydroxy pheiiylarsine oxide hydrochloride) 

E. Silver Arsphenamine 


NH,.i^AgO 
ONa UNa 

P. Bismuth Sulf arsphenamine (Bismarsen) 

The sodium salt of a bismuth derivative of arsphenamine methylene 
sulfonic acid (tlie exact formula not established). 

II. Pentavalent Arsenic Compounds 

G. Carbarsone 

0 



HO—As—OH 


H. Tryparsamide 


II 

NH— C— NH, 


y<% ^NHCH,C0NH, 

0=:aC-OU 

'^ONa 

(Sodium n*phenyl glucinnmide p arsenate) 
I. Acetarsone 

OH NHCOCIL 

-\ ^ 




(Acetyl-amino-hydroxyplienyl-arsonic acid) 


Toxicology of Organic Arsenleala 

In adminiatering organic arsenicals by vein, great care ehould be 
Mercised that no drug eacapee in the subcutaneous tissues, for it pro- 
duces a severe cellulitis. Toxic action may be due to error in the 
manufacture, to errors in technic of administration, and to an idio- 
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ayncrasy on the part of the patient. The deleterioua action of neo- 
arsphenamino may be due tp its altering the colloidal equilibrium 
of the blood. Turbid samples should be discarded. The reaction of 
patients to organic arsenicals is extremely variable. 

General reactions to arsphenamine include nitritoid reaction, the 
Jarisch-Herxheimer reaction, skin reactions, blood dyscrasias, central 
nervous system disturbances, gastrointestinal upsets, and renal in- 
juries. 

Among the mild manifestations are the nitritoid reaction,** a 
state resembling shock and possibly due to multiple pulmonary em- 
bolism. It is characterized by flushing of the face, edema of the 
tongue and lips, nausea and vomiting, profuse perspiration, fall in 
blood pressure, and a feeling of anxiety. It resembles the effects 
produced by the administration of nitrites, thus the name ‘‘nitritoid^* 
reaction or crisis. 

Severe types of reactions include dermatitis, hepatitis, blood 
changes, and hemorrhagic encephalitis. The drugs can produce about 
any form of dermatitis, due in part to overdosage and also to sensi- 
tization. The most severe reaction is exfoliative dermatitis. An- 
other reaction is an erythema which occurs within the first two 
weeks after the first injection. 

Another toxic manifestation, the .Tarisch-Herxheimer reaction, 
may appear from two to three hours after injection. It is due to sud- 
den liberation of syphilitic toxins locally in the lesions. It is charac- 
terized by an exacerbation of the nitritoid reactions or intensification 
bf early reactions. This reaction may be avoided by preliminary 
treatment with small doses of arsphenamine or by preparation treat- 
ment with bismuth or mercury preparations and pota8.sium iodide. 
Agranulocytosis, peripheral neuriti.s, purpura liemorrhagica, and en- 
cephalomyelitis are rare, but serious complications follow arsenical 
therapy. Gastrointestinal up.sets are frequent. Jaundice may occur 
during the course of treatment. 

Treatment. — When the ** nitritoid reaction** occurs, stop injection of 
drug and administer 0.5 cc. of epinephrine solution hypodermically. 
The reaction is usually not ns serious as it appears to be. Treatment 
can usually be continued by u.se of other arsenical drugs and a change 
of procedure. GaMrointestinal symptoms may bo kept at a minimum 
by avoiding food for three hours before and after treatment. The 
llcrxhfimtr reaction is usually not serious in early syphilis. The treat- 
ment is given in the pre<!eding paragraph. 

Dermatitis, especially dermatitis exfoliativa, is a serious complica- 
tion. Any signs or symptoms which precede this reaction, such as 
pruritus, little patches of dermatitis on the arms or neck, indicate that 
treatment should be discontinued. Sodium thiosulfate in 0.5 to 1.0 
Gin. doses given daily for four or five days, together with soothing ap- 
plications, colloid baths, forced fluids, and alkalies, is of benefit, 
is the treatment of choice in organic arsenical poisoning. 

Jaundice may be due to the toxic effiH’ds of an arsenical drug on the 
liver. Treatment with arsenicals must be stopped. Administer glucose 
intravenously to protect the liver. Purpura and hemorrhage are warn- 
ing signals of thrombocytopenia, granulocj'topenia or aplastic anemia. 
These reactions are often fatal but are fortunately rare. If they do 
occur, stop drug and give transfusions. 

BAL (l>iinercaprol) 

BATi (British Anti-Lowsite, 2,3-dimercaptopropanol) was introduced 
by British scientists, Peters, Stockey, and Thompson during World 
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War II. They developed the substance on the basis of a fundamental 
theoretic concept, whi^ lead to in vitro studies, indicating that it ww 
able to compete successfully with thiol-containing tissue enzymes, in 
attracting the poisonous metallic ion. 


H,— C — SH 
H— I;— SH 


2,3-dimercaptopropaiiol 

(BAL) 


Dosage: BAL dose (10 per cent solution in peaJiut oil and benzyl 
benzoate) : 0.25 cc. per 10 kilograms body weight (4 minims per 21. 
pounds) intramuscularly, repeated four times at four-hour intervals 
during the first two days, then twice on third day, and once daily for 
the next five days. Severe Poisoning : Increase dose to 0.3 cc. per 10 
kolgrams every four hours for two days, then four injections on third 
day, two on the fourth and one thereafter for ten days. 

Overdosage with BAL leads to acidosis and hyperglycemia, increased 
rate of respiration, tremors, convulsions, and tachycardia. Other symp- 
toms include nausea, vomiting, headache, burning sensation in mouth, 
throat and eyes, muscular aches, and elevated blood pressure. The side 
effects are usually maximum at fifteen to twenty minutes after intra- 
muscular injection. Barbiturates have been recommended as an antidote 
for the more severe side effects of BAL. 


OBOAKIC ABSENICALS 

The organic arsenicals comprise an important group of chemo- 
therapeutic drugs. Those especially useful in syphilis include 
the arsphenamines, oxophen arsine, dichlorophenarsine ami tryparsamido. 

Arsphenamine (Salvanan) 

Arsphenamine or diaminodihydroxyarsenobenzone contains 31 per 
cent arsenic. It is a yellow, odorless, hygroscopic powder, soluble in 
water, alcohol, and glycerin. In the dry state or in solution it is 
oxidized on exposure to air, becoming darker and more toxic. 

Arsphenamine is useful as a specific remedy for syphilis in all 
stages but is more efficient in early infections. It is e.speciany use- 
ful in the primary stage; in the later stages continuous medication 
should be maintained for some time by alternating courses of arsenic 
and bismuth preparations. The remedy is contraindicated in severe 
disturbances of the circulatory organs, advanced degeneration of the 
central nervous system, and cachexias, unless these are a direct result 
of syphilis. It has also been employed successfully in various types 
of syphUitic diseases of the eyes. Dosage: Caution! Intravenous 0.3 
Gra. (U.S.P.) dissolved in warm water without shaking. Prior to injec- 
tion the solution must he alkalinieed with 0,85 cc, of normal sodium 
hydroxide for each OJi Om, of arsphenamine (JJ,SJ*,), Its use by any- 
one who has not mastered the proper technic is dangerous. 

Keoarsphenami&e (Keosalvarsan) 

Neoarsphenamine contains about 20 per cent arsenic. It must be 
kept in sealed colorless glass from wluch air is excluded and in a 
cool place, preferably not over 25® C. It is a yellow, odorless powder, 
readily oxidized in the dry state or in solution by exposure to air, 
becoming darker and more toxic. It is very soluble in wateVi soluble iu 
glycerin, slightly soluble in alcohol 
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Neoarsphenamine is similar to arsphenamine. It is preferred es> 
pecially in general practice because its administration is much 
simpler, and less liable to cause fatalities from errors in technic. 
The solutions, however, oxidize rapidly j therefore, they should be 
used within twenty minutes. Neoarsphenamine is always injected 
intravenously. It is somewhat less active than arsphenamine and 
slightly higher doses and a more prolonged period of treatment are 
usually indicated. However, neoarsphenamine is sufficiently effective 
in practice. 

Arsphenamine vs. Neoarsphenamine. — Arsphenamine gives an acid 
solution and must be carefully neutralized before use; otherwise 
serious accidents will occur. On the other hand, neoarsphenamine 
forms a neutral- solution with water which can be injected immedi- 
ately. The latter is not hemolytic in ordinary solution,^ being hemo- 
lytic only when very dilute or very concentrated. Arsphenamine 
hemolyzes with practically all concentrations. It is more stable in 
nir and gives more uniform and prompt results. 

Other Arsphenamines 

Sulfarsphenamiue is about as active as neoarsphenamine. It can 
be injected intramuscularly, which is of particular value in children. 
Silver arsphenamine also is about as active as neoarsphenamine, being 
slightly less toxic. Argyria might occur if treatment is long con- 
tinued. Solutions must be injected within twenty minutes after 
preparation, else they deteriorate by oxidation. 

Blamarsen (bismuth arsphenamine sulfonate) is a water-soluble 
preparation containing about 13 per cent arsenic and 24 per cent bis- 
muth. It must be administered by muscle, since its intravenous use 
is attended by severe toxic reactions. It is slow acting and rela- 
tively w'eak but is of value when intravenous medication is indicated. 
(The mode of action, toxicity, etc., of the arsphenamines are discussed 
in details under arsenic.) 

Preparations 

Arsphenamine, Arsphenamina, U.S.P. Dosage: See above discussion. 
Neoarsphenamine, N eoarsphenamina, U.S.P, Dosage: Caution I Intra- 
venous 0.45 Gm, (6 Mj grains), dissolved in cold water. 

Sul f arsphenamine, Sul f arsphenamina, U.S.P. Dosage: Intramuscular, 
0.45 Gm. (6^ grains). 

Silver Arsphenamine, N.N.K., contains about 19 per cent arsenic and 
from 12 to 14 per cent silver. Dosage: From 0.1 Gm. to 0.3 
Gm. (1% to 5 grains) for adults. For details see N.N.R. 
Bismarsen, N.N.R. , bismuth arsphenamine sulfonate. Dosage: 0.1 to 
0,2 Gm. (1% to 3 grains) intramuscularly weekly. Children: 
2 weeks, 15 mg. (% grain); 3 months, 50 mg. (% grain); 2 
years, 100 mg. (1% grains); 8 years, 200 mg. (3 grains). 

Oxophenarsine Hydrochloride (Mapharaen) 

Oxophenarsine is the arsenoxide of arsphenamine. It is a pure 
chemical compound available in crystalline form. It is relatively 
unstable even in the dry state, becoming brownish in color and more 
toxic. It is administered intravenously and does not require al- 
kalinization. The reactions following its use are less severe than 
those of arsphenamines, and the effective dosage is much less than 
for the latter. 

The great effectiveness and rapidity of action have led to the almost 
exclusive use of oxopheiiarsine in the intensive arsenotherapy of 
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syphilis. The procedure consists of continuous intravenous admin- 
istration or repeated injections at frequent intervals over periods 
varying from five to twenty days. The shorter periods of treat- 
ment are associated by a higher incidence of toxic manifestations. 
The one day treatment so often spoken of consists of intensive chemo- 
therapy and fever therapy over tvrenty-four hours. The results are 
usually poor and the incidence of toxic reactions high. 

Dichlorophenarsine hydrochloride is also used in the arsenical 
treatment of syphilis; its uses and effectiveness are somewhat like 
those of oxophenarsine. It is rapidly broken down in the body to 
oxophenarsine. Dichlorophenarsine offers the advantage of greater 
stability in storage. It is mixed with an alkaline buffer for prepara- 
tion of solutions for injection. 

The trend of clinical practice is toward the use of oxophenarsine 
hydrochloride (mapharsen), or the dichlorophenarsine hydrochloride. 
Therapeutic results are fully as good as with the arsphenainines. 
Nitritoid reactions are absent and other toxicities are about the 
same. 

Tryparsamide 

Tryparsaniide is a pentavalent arsenic derivative highly effective 
in certain forms of trypanosomiasis. Its spirocheticidal action is 
weak but it is e.specially useful in syphilis of the central nervous 
system because of its ability to penetrate tissues more readily than 
most arsenicals. 

Tryparsamide probably does not act as a treponemicidc as it is 
almost ineffective against the primary and secondary stages of syph- 
ilis, and against the gumiiiata. Its great value is in disseminated 
sclerosis, before irreparable degeneration of the nerve cells. The 
toxic effects resemble those of other pentavalent arsenic compounds. 
The .possibility of visual injury, a specific toxic effect on the optic 
nerve, reriuires caution. 

Preparations 

Oxophenarsine Hydrochloride, Oxophenarsinac Hydrochloridum, U.S.P. 
Dosage: Intravenous, 45 mg. (% grain). The initial tlose is 30 
mg. for women; 40 mg. for men; 0.5 mg. per kilogram of body 
weight for children. The maximum adult dose is 60 mg., the aver- 
age, 40 to 50 mg., given once every four or five days. The average 
dose for children lies between 0.5 to 1.0 mg. per kilogmm, given 
at the same intervals. 

Dichlorophenarsine Hydrochloriile, Dichlorophenarsinar Hydrochloridum, 
U.S.P. Dosage: Intravenous, 4.5 rng. (% grain). The maximum 
dose is 68 mg. Injections are given every four to five days. For 
children, the initial dose should not exceeil 0.5 mg. and subse- 
quent doses should lie between 0.5 and 1.0 mg. per kilogram of 
body weight, 

Tryparsamide, Tryparsamidum, U.S.P. Arsenic about 25 per cent. 
Dosage: Caution! Intravenous, 2 Orn. (30 grains). 

BISBfUTH 

Bismuth is the preferred heavy metal in the treatment of syphilis. 
It is less toxic than mercury, particularly for the kidney, and more 
potent. The promptness and degree of antisyphilitic action of bis- 
muth are between that of arsphenamine and mercury. It may be sub- 
stituted for either, especially with patients in whom these drugs 
are contraindicated or have failed to act. 
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The most commonly used preparation is bismuth subsalicylate. This 
is given once weekly, intramuscularly, 1 cc. of a 10 per cent suspen- 
sion in sesame oil. There is a tendency for deposits of this compound 
to remain in the muscle, often causing local fibrosis. Therefore, 
water-soluble compounds have been introduced. Of these, lodo- 
bismitol is the drug of choice. It need be injected less often than 
others — the dose being 2 cc. intramuscularly once or twice a week. 

Oral bismuth preparations, equally as effective as those given by 
muscle, are available. These preparations are for those who cannot 
tolerate injections?. Sobisminol mass may be taken orally — the adult 
dosage is two capsules (0.15 Gm. bismuth each) taken three times a 
day between meals with water or milk. 

Toxic effects of bismuth are rare. The only commonly observed 
toxic effect is stomatitis, which seldom occurs if the proper oral 
hygiene is observed. 

PltKl»ARAT10XS 

Bismuth Subsalicylate, Bismuihi Suhsalicylas, U.S.P. Specific therapy 
in syphilis: 0.01 d Gm. (2 grains, usually in 1 cc.) in oil in- 
tramuscularly, weekly. Children: 2 weeks, 0.2 cc. (3 minims); 
3 months, 0.3 cc. (5 minims); 2 years, 0.5 cc. (8 minims); 8 
years, 1 cc. (15 minims). 

Bismuth Subsalicylate Injection, Injcetio Bxsmuthi Suhsalicylati^f U.S.P. 
A sterile suspension of bi.smuth subsalicylate in a suitable fixed 
oil. It contains an amount of bismuth equivalent to about 58 per 
cent of the labeled amount of bismuth subsalicylate, including 
all tolerances. The usual sizes contain O.l Gm. or 0.12 Gm. in 
I cc. 

lodobisinuthite Sodium with Kthylamimibenzoate, X.X.K., or lodobis- 
rnitol with Benzocaine, X.X.R. Antisyphilith* : 2 cc. (30 minims) 

intramuscularly once or twice a wiK^k. 

Soldsminol Mass, X.X.R. A complex organic bismuth product. It con- 
tains between 19.25 and 20.2.5 per cent of bismuth: 0.75 Gm. of 
sobisminol mass repre.sent.s 150 mg. of bismuth. Ihmiyr : Adult 
dosage, from two to three capsules three time.s a day, taken with 
plenty of water. Phich cap.‘<ule represents 150 mg. of metallic 
iu.Hmuth. (See X.X.K.) 


MERCURY 

Mercury has been used in the treatment of .syphilis for centuries. 
TIu) action of mercury is slower than either ursphenamiiie or bismuth 
and is highly toxic. In tho early stage the Trei)onemas disappear 
from the lesions, and the symptoms subside. The invasion, however, 
recurs unless treatment is continued for some time. Mercury may 
be substituted when bismuth is ineffective, toxic, or otherwise contra- 
indicated. The most <lesirable preparation is mercuric salicylate, 
given ill a dose of (50 mg. intramuscularly, once or twice a week. 

Before the introduction of the bismuth preparations, mercury 
preparations w^ere used in conjunction wdth arsenicals. Xow% howr- 
ever, they are used topically for prevention of infection, calomel 
ointment being commonly used for this purpose. 

Preparations 

Mild Mercurous (Chloride Ointment, Unguentum Hydrargyri Chlaridi 
N.P. (Calomel Ointment). Mild Mercurous Chloride 
(30 per cent) with white petrolatum and hydrous wool fat. Used 
by inunction for venereal prophylaxis. 
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Mercuric Salicylate Ampuls, Ampullae Hydrargyri Salicylatis, N.F. 
(Mercuric Salicylate Injection). Contains an amount of mercury 
^ulTalent to 56 per cent of the labeled amount of mercuric sal- 
icylate in a suitable fixed oil. The usual size contains 0.06 Gm., 
0.1 Qm., and 0.12 Gm. mercuric salicylate in 1 cc. of oil. D^age: 
Intramuscular 0.1 Gm. (1% grains) of mercuric salicylate 

IODIDES 

The iodides of sodium or potassium are useful adjuncts in the 
treatment of late syphilis. Large doses are administered in the 
various tertiary and late secondary manifestations. They give 
marked relief, and seem to promote resolution of the gummatous 
lesions, thus exposing the spirochetes to the action of other drugs or 
to the natural defense mechanisms of the body. 

Potassium iodide is traditionally preferred although it has no ad- 
vantage over the sodium salt. They are given freely diluted with 
water or milk an hour after meals. The doses for syphilis are quite 
large, beginning with 1.5 Gm., per day, increasing by 0.3 Gm. every 
second day to a total of 7 Gm. per day. Infants tolerate large doses. 

Preparation 

Potassium Iodide, Potassii lodidum, U.S.P. KI. Dosage: 0.3 Gm. 
(5 grains); antisyphilitic, 2 Gm. (30 grains). 

PENICILZJN 

Penicillin, if properly administered, is the drug of choice in the 
treatment of early syphilis. It will cure the vast majority of pa- 
tients with primary and secondary syphilis. An obvious advantage 
of penicillin is that practically all patients are willing to complete 
the treatment. In late syphilis the results are also good. The ab- 
normal spinal fluid is improved, benign gummas, skin, bone, and vas- 
cular lesions heal in twelve to sixty-four days with the dosaisre of 
300,000 units. 

Penicillin was adopted as the drug of choice for the treatment of 
early syphilis in our army (European Theatre) on June 26, 1944. 
A unit dose of 40,000 being given at three-hour intervals for seven 
and a half days to give a total dosage of 2,400,000 units. 

There is considerable difference of opinion regarding the advis- 
ability of administering penicillin with arsenic and bismuth in the 
early stages of syphilis. The majority believe penicillin might bo 
!)e8t administered alone and that bismuth and arsenic bo reserved 
for use in treating relapsing cases. 

Numerous studies have produced remarkable results regarding 
the prevention of syphilis in the fetus through treatment of the 
pregnant mother. 

Satisfactory results have been reported from the use of penicillin 
in early cimgerUtal syphilis. Platou et al. (1947) brought together 
observations on two hundred and fifty-two infants. Satisfactory 
results were attained with 73 per cent, unsatisfactory with 9.1 per 
cent; in the remaining 17.9 per cent the results were uncertain at 
the time of the report. Late congenital syphilis, according to re- 
ports, resprads to penicillin treatment in varying degrees. The same 
trMtment is given for this condition as late infection in adults. 

In oordKWOSCHfar syphilis penieiUin is inadvisable because of the sharp 
Herxfaeimer reactions which may follow its use. Pew benefits have been 
reported from its use in this condition. 
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Neurosyphilis: Penicillin causes striking improvement in meningO' 
vascular syphilis. In paresis, when used with bismuth and tryparsamide, 
it appears to be of value. In optic atrophy penicillin is useful when em- 
ployed with fever therapy. 

(See Antibiotics, for principal preparations of penicillin.) 

TBEATMENT OF SYPHILIS 

Syphilis, a venereal disease caused by Treponema pallidum, has three 
recognized stages: a primary stage characterized by a chancre, during 
which there is a widespread dissemination of the organisms throughout 
the body. There is a secondary stage with skin and mucous membrane 
lesions. The third stage is characterized by granulomatous lesions, and 
the more serious cardiovascular and central nervous system involvement. 

Early Ssrphilis 

Many plans of treatment have been recommended for syphilis. The 
Army Treatment for tarly syphilis (1944) is as follows: 

1. Mapharsen by vein twice a week for twenty injections. 

2. Kimultuneously bismuth subsalicylate in oil intramuscularly 
once a week for five injections. 

‘A. Beginning the eleventh week bismuth subsalicylate once a 
week for six doses, omitting mapharsen for six weeks. 

4. Seventeenth to twenty-sixth week, mapharsen as in first 
course. 

5. Beginning twenty-second week, bismuth weekly for five 
dosc^s. 

Recently, several acceleratetl schedules were tried, all using the same 
total quantities of specific drugs as in the long treatments. It was 
found that when treatment was compressed into periods of less than 
one or two weeks, the mortality from toxic reactions was excessive. 
Intermediate schedules were tried in which treatment W’as given in ten 
to twelve weeks. These schedules were proved highly successful and 
probably represent the most desirable program of treatment not in- 
volving the use of penicillin. 

Accelerated ten- to twelve-w'eck treatment: 

1. Oxophenarsiiio hydrochloride by vein in dose of 60 mg. three 
times a week for twelve weeks. 

2. Simultaneously, a bismuth preparation such as bismuth sub- 
salicylate in a dose of 1.5 cc, (85 mg. bismuth) intramus- 
cularly once weekly. 

Penicillin alone: 

1. Forty thousand units of penicillin, by the intramuscular route, 
every three hours for seven and a half days. (Total dose 2.4 
million units.) 

Latent Syphilis 

Latent syphilis refers to a positive Wassermann discovered more 
than four years after the initial infection plus a negative spinal 
fluid and no demonstrable lesions. Persons over fifty years of age 
are usuidly not treated. Younger persons may be given alternating 
courses of a heavy metal and an arsenical for one year. (As de- 
scribed for early syphilis.) The bismuth course should precede the 
arsenic to lessen the chances of a Herxheimer reaction. Use peni- 
cillin if patient is sensitive to arsenic^ Give a large total dose of six 
million units over a period of two weeks. 
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Late Syphilis 

Late syphilis refers to the occurrence of symptoms more than four 
years after the initial infection. The treatment instituted depends 
on the organ or type of tissue involved. 

Treatment is started with a heavy metal (usually bismuth) fol- 
lowed in alternation by an arsenical compound. Use small doses for 
first course — ^usually one-half of that used in early syphilis. Continue 
treatment as recommended for latent syphilis. 

Some recommend that penicillin be reserved for those patients 
sensitive to arsenic and to their unresponse to arsenic treatment. 
Gummas^ however, respond rapidly to penicillin. Potassium iodide, 
as an adjuvant treatment, accelerates the disappearance of gura- 
matoi|s lesions. Give 0.3 cc. of a saturated solution of potassium 
iodide three times a day. 

Cardiovascular Syphilis. — If there is no congestive heart failure, 
administer tw-enty weekly injections of bismuth (one-half dose de- 
scribed for early syphilis). Follow by ten weekly injections of 
oxophenarsine hydrochloride (dosage 10 to 20 mg.). The latter treat- 
ment depends on the individual patient. Treatment may be con- 
tinued in alternating course for two years, and then he given for one 
month out of every year thereafter. 

Penicillin has not proved particularly successful in this condition. 
Severe Herheimer reactions may follow' its use. 

N6aro83rphilis. — In asymptomatic syphilis of the central nervous 
system alternate heavy metals and arsenic therapy as de.scrihed for late 
syphilis. 

Investigators at Johns Hopkin.s, Moore and Mohr (1946), found a 
combination of malaria therapy with the use of penicillin effective in 
the treatment of this condition. The favored dosage was 4,000,000 units 
of penicillin in fifteen to twenty-five days. 

Tabes Dorsalis. — Reynolds (1947) summarized the investigations at 
Johns Hopkins Hospital. It was found that penicillin relieved many 
of the distressing symptoms. Since many of the patients are fre- 
quently poor fever risks, penicillin alone is probably excellent treat- 
ment for this condition. 

Alternate Treatment . — Elderly patients may bo left untreated if the 
condition is quiescent; but if the disease is progressing, the following 
treatment may be given: Start writh alternating course of bismuth 
and arsenic compounds, injections being given every five days. The 
treatment may be augmented by courses of tryparsamide. Try- 
parsamide is given in doses of 3 Gm. intravenously once a week for 
two or three months. Examine eyes periodically for signs of optic 
atrophy. Continue above treatment for at least one year. 

Paresis. — Reynolds et al. (1946) found the results of penicillin- 
malaria combination superior to penicillin alone. In some debilitated 
patients, hoivever, the administration of penicillin alone is preferred. 

Alternate Method . — Treat by fever therapy followed by simul- 
taneous courses of tryparsamide and bismuth as required. Penicillin 
should always be given concomitantly ivith fever. (Fever therapy 
should be g^ven in a hospital by experienced physicians. Diathermy, 
hot air cabinets, hot blankets, foreign protein inoculations or malaria 
inoculations may be used.) 

Msnliigovasciilar Syphilis.— -Penicillin may be used in this condi- 
tion with good results. 
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Syphilis in Pregnancy. — Treat vigorously as in early syphilis. If 
the disease is in a late stagp, a short course of bismuth should pre- 
cede arsenical compounds to lessen the danger of Herxheimer re- 
action. 

Penicillin seems particularly suitable for employment in syphilis of 
pregnancy. It may be given in a single course over a short period; 
toxic manifestations are not serious. It cures the disease in the 
mother, at least in the early .stages, and at the same time prevents 
transfer of the disease from the mother to the fetus. Dosage: A 
course of 2.4 million units early in pregnancy (third month) repeated 
again about the seventh month. 

Congenital Syphilis. — Early congenital syphilis may be treated like 
early adult syphilis, with arsenical compounds and heavy metals. 
When intravenous injections are contraindicated, bismuth sulfars- 
phenamine or sulfarsphenamine may be used intramuscularly. Dosage: 
Neoarsphenamine, or sulfarsphenamine — age two weeks, 30 mg.; three 
months, 0.1 Gm. ; two years, 0.2 Gin.; eight years, 0.4 Gm. to 0.5 Gm. 
Bismuth sulfarsphenamine doses arc about one-half of neoarsphenamine. 

Penicillin . — Platou et al. recommend a total dosage of at least 
100,000 units per Kg. (2.2 pounds) body weight. The total amount 
should be divided so that it may be given in equal intramuscular 
injections every three hours for a period of fifteen days. 

Late congenital syphilis may be given the same treatment as late 
infection in adults. Penicillin may be used with good response in 
many instances. The total dosage of 40,000 units of penicillin per 
Kg. (2.2 pounds) of body weight in seven and one-half days. 

ANTJMALAKIAL DRUGS 

Malaria is a recurrent febrile disease caused by infection with 
various .species of Plasmodia and transmitted by the Anopheles mos- 
quito. Malaria is the most important disease with which mankind 
has to contend, because it kills more people than any other known dis- 
ease. The thrcH* outstanding specie.s of Plasmodia capable of infecting 
human beings are P. falcipnruJHf P. vivaXf and P. malariae. P. falci- 
parum causes the most malignant type, estivo-autumnal malaria, and at 
the .same time is most responsive to treatment. Infections of P. ma- 
laruic, which causes quartan malaria, are relatively infrequent. 

P. vivax causes benign tertian malaria. It is a debilitating disease 
characterized by chronicity and a low mortality rate. With the pos- 
sible exception of pamaquine and its derivatives, no drug is entirely 
effective in the prophylaxis or cure of this infection. A suppression 
of the symptoms, however, may be obtained with various types of the 
antimalarial drugs. 

The antimalarial drugs of importance include the following: quinine, 
qiiinacrine, pamaquine, and the newer drugs: chloroquine, paludrine, 
pentaquine, and chlorguanide hydrochloride. 

QUININnB 

Quinine, the chief alkaloid of cinchona, the bark of the cinchona tree 
was isolated in 1820. It has rapidly replaced crude cinchona prepara- 
tions in the treatment of malaria. Quinine has a long and in- 
teresting history. It was introduced in Europe by members of the 
Jesuit brotherhood under the name cinchona. It originally received the 
name cinchona, according to the story, from the Countess of Cinchon 
(1638), the wife of the governor of Peru, who was cured of a fever by 
its administration. ** Jesuit bark*’ was one of the names later attached 
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to this drug. Later medical history contains much on the use of quinine 
in the treatment of fevers. Binz suggested that quinine acted by 
killing the organism which causes malaria, which we now know is the 
malarial plasmodium. 

Many derivatives of quinine have been synthesized. The action 
of quinine practically represents that of cinchona, as well as 
those of the other cinchona alkaloids. The most important 
alkaloids of the cinchona group are two pairs of isomers quinine, 
qwinidine, and cinchonines, and cinchonidine. Since quinine is the most 
important of the group, and since its physiological effects are so repre- 
sentative of the group, it will be discussed in detail. 

The structure of quinine is shown in the following formula: 
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Pharmacological Action . — Absorption and Excretion . — Quinine is 
readily absorbed when given by mouth or .subcutaneously, appearing in 
the urine within twenty minutes after oral administration. It con- 
tinues to be excreted in fairly large amounts for twenty-four hours. 
About one-third is excreted in the urine, and the rest is apparently de- 
stroyed by the tissues. In the blood the maximal amount of quinine is 
present between three and six hours after ingestion. 

ll^en given in continuous doses by mouth the concentration in the 
blood may be from 3 to 10 mg. per liter. Doses of 2 Om. per day usu- 
ally result in a concentration of 10 mg. per liter of blood. When the con- 
centration in the blood rises above 10 mg. per liter, symptoms of poison- 
ing usually appear. 

Quinine, according to animal experiments, is distributed very un- 
evenly in the body. The blood, muscle, and ner\'0U8 tissue retain little 
of the drug. The liver, spleen, kidney, and lung concentrate the drug 
in the largest amounts. Plasma and red blood colls concentrate the 
drug from two to ten times the amount found in the plasma. 

I^cal Action . — When administered subcutaneously quinine solutions 
are pninful and may cause abscess formation. When taken by month, 
large doses may cause nausea and vomiting. Double salts of qumine and 
urea hydrochloride are less irritant than other salts and, like quinine 
salts, nrodnee local anesthesia. 

Action on Protoplasm . — Quinine differs from most alkaloids in that 
it acts not on specialized forma of living matter but generally, on all 
forma of protoplasm. Quinine is more of a general protoplasmic poison, 
producing ibrst a transitory stimulation^ followed by depression and 
death. 
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Antiseptic Action. — ^Bacteria and yeasts are destroyed at approx- 
imately 5:1,000 concentratioi^. The germicidal action equals about 
one-half that of phenol; and the antiseptic action is about that of 
mercuric chloride, according to McDonald (1915). 

Antimalarial Action. — Quinine is not directly plasmodicidal since 
higher concentrations of the drug are needed to kill the parasite in vitro 
than in vivo. Many theories have been advanced to explain the mode 
of action of quinine. Regardless of the mechanism of its action, quinine 
cures the acute symptoms by depressing multiplication of plasmodia in 
the body and stimulating some of the parasites to change to the sexual 
form which cannot cause the disease in man. 

Action on Leucocytes. — The poisonous effects on leucocytes occur at 
a concentration of 1:3,000, which is higher than can be obtained in the 
blood of a living animal. The phagocytic power of leucocytes and the 
bactericidal powers of the plasma may be lessened slightly by therapeutic 
doses. 

Analgesic Action. — Quinine resembles the salicylates and related drugs 
in possessing analgesic action. This action is especially valuable in 
treating pain arising in muscles and joints. The site of action is central. 

Action on Central Nervous System. — Moderate doses of quinine cause 
little action on the central nervous system. Large doses pr^uce cincho- 
nism which is characterized by depression, giddiness, headache, sensation 
of fullness in the head, deafness, tinnitus^ amblyopia, and confusion. 
The tinnitus seems to be due to congestion of the middle ear and 
labyrinth or to nerve stimulation. The amblyopia is thought to be due 
to contraction of the retinal vessels. The sensation of fullness in the 
head has been interpreted as denoting a dilation of cerebral vessels. 

Antipyretic Action, — Therapeutic doses of quinine have little effect on 
normal temperature. In the presence of fever, however, a distinct anti- 
pyretic effect is exerted. The antipyretic mechanism was thought to 
be due to diminished nitrogen metabolism (Gottlieb), but Barbour and 
Wing have demonstrated a central action of quinine by application of 
the drug on centers near the corpus striatum. Hardikar found that 
quinine acted like other antipyretics, acting on the heat centers of the 
brain. In malaria, however, destruction of the organic cause of the 
pyrexia is undoubt^ly the chief factor in the antipyretic action. 

Kespiration. — Respiration is much affected by quinine as is the 
circulation. Poisonous doses, administered su^utaneously, kill by 
paralyzing the respiratory centers; the heart action is weakened. Poison- 
ous intravenous doses, however, may produce death by direct cardiac 
paralysis. 

Action on Circulation. — Quinine in therapeutic doses tends to increase 
slightly the cardiac rate and raisjs the blood pressure, an action thought 
to be due to direct action on the heart muscle and the walls of the blood 
vessels. With large doses the excitability of the heart muscle is de- 
pressed. Toxic doses lower the blood pressure by cardiac depression and 
vasodilatation through peripheral action. 

Action on Muscle. — Striated Muscle: There is a transient increase in 
muscle power followed by a weakness and fatigue. Injections into the 
muscle lead to ^necrosis of the fibers. Vnstriated Muscle: The uterus 
contracts violently when quinine is injected intravenously. It is not 
reliable in ordinary doses for starting labor pains. Its use in malaria 
may cause abortion due to its action on the uterus. The action on the 
uterus is, no doubt, directly on the muscle and is more prolonged than 
the action caused by ergot, but it is not as strong and reliable as that 
produced by pituitrin. 
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Alimentary Tract , — When taken orally, quinine or cinchona prepara- 
tions act as ^'bitter tonics,” that is, improve the appetite, increase the 
flow of saliva and gastrointestinal secretions, and tend to excite peristal- 
sis. Excessive doses are irritating. 

Metabolism , — Quinine ingestion diminishes destruction of the body 
proteins. Initially, there may occur increased elimination of nitrog- 
enous products in urine, but this is followed by a decrease which may 
amount to 39 per cent of the total nitrogen elimination. 

Action on Organs of Special Senses , — Moderate doses may disturb 
hearing, manifested by ringing in the ears, and not infrequently a 
slight degree of deafness. Large doses may produce dizziness and 
ataxia due to vestibular involvement. Involvement of the eye, evi- 
denced by disturbance of color vision and contraction of the visual field, 
is common. These disturbances may be accompanied by narrowing of 
the lumen of retinal vessels and by pallor of the optic disc. The cause 
of these sense disturbances is thought to be due to direct action on the 
nervous structures themselves. Some of the effects may be due to 
changes in vascular caliber, with or without the accompaniment of 
hemorrhage. 

Toxicology. — Severe results following quinine therapy are rare. 
Some of the side reactions of quinine have been mentioned under the 
pharmacological action of quinine. The most common symptoms of 
toxicity are the sensation of fullness in the head, ringing in the ears, 
and slight impairment of hearing. Other effects, such as skin erup- 
tions, visual disturbances, vertigo, and temporary blindness are not un- 
common. Gastric pain and vomiting may be produced by moderate 
doses of quinine. Diarrhea or constipation often accompanies quinine 
therapy. Many individuals have an idiosyncrasy to quinine, and the 
above-mentioned results appear even with a few grains of the drug. 
The effect of quinine administration in pregnant women is in doubt. In 
the Far East the opinion prevails that quinine predisposes to abortion. 

Skin eruptions due to quinine may appear in various forms, the most 
common being erythematous, scarlatiniform, or urticarial. Itching is 
a common complaint. A hemorrhagic tendency may follow the use of 
quinine and may be distinguished with difiSculty from hemorrhage due 
to malaria itself. 

In large doses, 2 to 4 grams (30 to 60 grains) of quinine may produce, 
in addition to the above symptoms, a delirium resembling that caused by 
alcohol. 

The fatal dose of quinine sulfate is approximately 20 grams, of quini- 
dine sulfate, 10 grams, and of plasmochin, 5 to 30 grains. The poison- 
ing causes a congested and hemorrhagic condition of the organs. 

Treatment: Cinchonism is best treated by caffeine or coffee. Mild 
symptoms are common and require no treatment. In fact if no symp- 
toms appear, one wonders whether the drug is being well absorbed. It 
is well to test quinine sensitivity by giving a test dose of 0.6 Qm. (10 
grains) before a subject goes to a malarial district. 

Remove the poison by lavage (potassium permanganate 0.1 per 
cent, 1:1,000), emesis, or purging. Administer epinephrine intra- 
venously or intr^rdially, If n^essary. Repeated instillations of 
atropine solution into the conjunctival sac aid in preventing optical in- 
juries. Admimster caffeine or digitalis hypodermically. If excitation 
persists, give barbital by mouth. Full doses of soflium or potassium 
bromide will sometimes prevent both tinnitus and headache. In all 
cases aidbrine must he promptly substituted for quinine if cinchonism 
appears. 
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Therapeutic Uses. — The most important therapeutic use of quinine 
is in malaria. The treatment of malaria is made difficult because the 
different species of plasmodia 'do not respond similarly to drug therapy. 
The gametocytes and schizonts manifest different chemotropisms, in- 
dividuals vary in their response to quinine, and the chronicity of the 
infection is an important factor. As a rule early infections respond 
relatively easy to therapy as compared with chronic malaria. Relapses 
are frequent. Early and intensive treatment is indicated. A knowledge 
of the species of infecting plasmodium is necessary in order to ad- 
minister the correct treatment. 

Quinine in Malaria. — Until recently, quinine w-as the drug of choice 
in the treatment of malaria. Since we have three excellent synthetic 
antimalarial agents in chloroquine, paludrine, and quinacrine, we must 
admit that quinine is of relatively less importance. It is, however, a 
valuable adjunct in the treatment of malaria. 

If quinine is to be used for the treatment of malaria, it should be 
given in doses of 10 grains three times daily for two days, then 5 grains 
morning and night for the ensuing five days. 

At a meeting of the Subcommittee on Tropical Diseases of the 
National Research Council, the following program of dosage was en- 
dorsed as an efficient routine of therapy: 

1. Combined Q.A.P. Treatment. (Method of Choice.) 

(a) Totaquine or quinine sulfate, 0.64 Gra. (10 grains) three times 
daily after meals for two or three days or until pyrexia is controlled. 
Then give 

(b) Quinacrine hydrochloride (Atabrine), 0.1 Gm. (1% grains) 
three times daily after meals for five days. Then after two days with- 
out antimalarial medication give 

(c) Pamaquine naphthoate (Plasmochin), 0.01 Gm. (% grain) three 
times daily after meals for five days, except for the debilitated patient, 
who should receive only two doses daily. (Discontinue if toxic symp- 
toms occur. Never give atabrine and pla.smochin concurrently.) 

Qui NINE PKESCRI PTU»XS 

For malaria: 

K 

Quinine Sulfate Capsules (5 gr.) No. CL 

Sig. : Take ns directed. 

When the administration of capsules is not advisable (children usu- 
ally cannot swallow a cap.sule as easily as an adult), the drug may be 
prescribed in powder to be mixed with some flavored syrup at the time 
of administration, or it may be prescribed in liquid form. Syrup of 
Prepared Cacao, N.F., is an excellent vehicle to use in the prescribing 
of quinine. 

For child (30 pounds) : 

H 

Quinine Sulfate 8.40 Gm. (gr. cxxx) 

Cacao Syrup q.s. ad .320.00 cc. (fSviij) 

M. Hig.; Teaspoonful as directed (shake well). 

Quinine in Other Conditions 

Febrile Conditione. — Quinine, in doses of 1 to 2 grama (15 to 30 
grains) given In the course of an hour, has been used for reduction 
of temperoture in typhoid and typhus fevers, and in fever of pulmonary 



2$0 MATEKIA MEDlCA, TOXICOLOGY. AND 1‘HARMACOLOGY 

tuberculosis; however, the action is weaker than that provided by coal- 
tar drugs. 

In Infiammatory Conditions. — In acute coryza or in acute tonsuMM, 
0.6 gram (10 grains) of quinine, combined with Dover’s powder, will, 
if given early, abort attacks. Influenza responds well to quinine in 
doses of 0.5 gram (8 grains) daily. In the later stages of chronic 
cases of whooping cough, quinine in doses of from 0.2 to 0.6 gram (3 to 
9 grains) tends to arrest coughing spells. In chronic bronchitis with 
profuse secretions, quinine has hien recommended. Quinine, though 
inferior to the salicylates, gives relief to acute rheumatism and related 
conditions. 

For treatment of coryza: 

n 

Belladonna Extract 0.03 Gm. (gr. ss) 

Camphor 0.40 Gm. (gr. vj) 

Quinine Sulfate 0.80 Gm. (gr. xij) 

Ipecac and Opium Powder 2.00 Gm. (3ss) 

Mix and make 12 capsules. 

Sig.: One every half hour for four hours, then one 
every three hours. 

Bitter Tonic and General Stimulant. — Tonic effects are obtained 
with doses of 0.03 to 0.13 gram (% to 2 grains) of quinine, three times 
daily. 

Antiseptic and Astringent. — A 1 per cent solution of quinine sulfate 
is valuable as an antiseptic and stimulant in caring for certain wounds 
and ulcerations which are slow to heal. Internally, the antiseptic and 
astringent actions of quinine are utilized in the treatment of amebic 
dysentery and cholera. 

As Local Anesthetic. — Solutions of the double hydrochloride of quinine 
and urea, ranging in strength from 0.25 to 4 per cent, are commonly used 
for surface anesthesia. The anesthetic action is thought by some to be 
due to coagulation of the protoplasm of the peripheral nerves. In 2 
to 4 per cent solutions the drug exerts a decided hemostatic effect, 
especially on capillaries. 

Quinine and Urea Hydrochloride possesses a low toxicity and produces 
a long period of local anesthesia. The drug has been used in opera- 
tions about the anus, on the tonsils, as an anesthetic in cystoscopy, for 
the removal of small benign tumors, and in many other similar con- 
ditions. 

Oxytocic and Emmenagogue. — Quinine has been used in the treatment 
of uterine inertia. It will excite the already acting uterus, but has no 
specific action in initiating uterine contractions (Cadwallader). In 
nervous patients quinine may be best given in full doses combined with 
a sedative, such as a bromide. 

In amenorrhea, small doses of quinine have been used with some 
success in stimulating the menstrual flow. 

TOTAQUINB 

Totaquine is a mixture of alkaloids from the bark of Cinchona 
succirubra Pavon and other suitable species of cinchona. It con- 
tains not less than 10 per cent of anhydrous quinine, not less than 
25 per cent of cinchonidine and anhydrous quinine combined, and a 
total of not less than 70 per cent of cinchonidine, cinchonine, anhydrous 
qoinidine, and quinine. It is a yellowish white powder, odorless, has a 
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bitter taste, almost insoluble in water, but is soluble in warm alcohol 
and in chloroform. It is more pleasant to take than quinine and many 
claim that it is equally as eif^tive. It is said to be more irritating to 
the stomach, and more prone than quinine to produce headaches. The 
drug is much less expensive than quinine and thus finds a wider use. 

Preparations 

Quinine Ethylcarbonate, Quininae Aethylcarbonas, U.S.P. (Equinine). 
Dosage: 1 Gm. (15 grains). Quininae et Aethylis Carbonas, 
B.P. Dosage: 0.1-1 Qm. (1%-15 grains). 

Quinine Bisulfate, Quininae Bisulfas, U.S.P. (Quinine Acid Sulfate). 

Dosage: 1 Gm. (15 grains). B.P., 0.06-0.6 Gm. (1-10 grains). 
Quinine Dihydrochloride, Quininae Dihydrochloridum, U.S.P. Dosage: 

1 Gm. (15 grains). B.P., 0.06-0.6 Gm. (1-10 grains). 

Quinine Sulfate, Quininae Sulfas, U.S.P. Dosage: 0.6 Gm. (10 grains). 
B.P., 0.06-0.6 Gm. (1-10 grains). 

Quinine Sulfate Tablets, Tabellae Quininae Sulfatis, TJ.8.P. Usual 
sizes contain 0.1 Gm., 0.2 Gm., or 0.3 Gm. 

Quinine Hydrochloride, Quininae Hydrochloridum, U.S.P. Dosage: 

Oral 0.6 Gm., intramuscular 0.2 Gm. (3 grains). 

Quinine and Urethane Injection, Injectio Quininae et Ureihani, U.S.P. 
(Quinine Hydrochloride and Ethyl Carbamate Injection, U.S.P. 
XII). A sterile solution in water, two parts of quinine hydro- 
chloride and one part of ethyl carbamate. Dosage: The initial in- 
jection should be limited to 0.5 cc. of the solution containing 13 
per cent quinine hydrochloride and 6.5 per cent ethyl carbamate 
to determine idiosyncrasy. The average injection is 1 cc. and 
should not exceed 2 cc. The total injection at all sites should 
never exceed 5 cc. of the solution referred to. Intervals between 
series of treatments should not be less than two or three days. 
Totaquine, Toiatiuina, U.S.P., B.P. Dosage: 0.6 Gm. (10 grains). 

QUINACBINE HYDBOOHLORIDB (ATABBINS) 

Quinacriiie hydrochloride, or atabrine, a synthetic substance of an 
acridine dye nature, was developed in 1933. It is the hydrochloride of an 
alkyl amino-acridine derivative. It is a yellow, bitter substance; 
soluble in water (1:30). Its structural formula is as follows: 
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Quinacriiie 

Plianiiacological Actions* — Actions and Uses, — Quinacrine destroys 
the asexual forms of the organisms causing malaria and checks the 
progress of the disease as effectively as quinine. Continual daily 



292 MATERIA MEDICA, TOXICOL.OGY. AND PHARMACOLOGY 


administration does not prevent infection but suppresses development 
of the cycles until the administration is stopped. 

Quinicrine is lapidly absorbed from the intestinal tract and is 
stored in the tissues for some time, including the skin. It is dis- 
tributed unevenly in the various tissues, being especially low in the 
blood and plasma. Quinacrine has cumulative action. Following 
administration, less than 5 per cent of the drug is excreted. It is 
excreted by the urine and somewhat by bile. The urinary excretion 
starts within fifteen minutes and proceeds slowly. Traces of the 
drug may be found in the urine for one or two months after therapy. 

Toxicology. — The most common side effects are dizziness, head- 
ache and mild gastrointestinal disturbances, nausea, vomiting, and 
occa.sionally diarrhea. It causes harmless discoloration of the skin 
and urine. Allergic manifestations are encountered but are rareh' 
severe. Toxic psychoses and aplastic anemia are rarely seen. 

Therapeutic Uses. — Use in Malaria. — Quinacrine is generally superior 
to quinine, both for suppression and for clinical treatment. Wide- 
spread clinical attacks of P. falciparum were practically eliminated by 
its use in the U. S. Army. Recently, Jiowever, newer synthetics have 
been developed which may supersede it in the therapy of malaria. 

The treatment ren'ornmended by the Hiirgeon General of the Army, 
September, 1945, is: (1) In uncomplicated cases, quinacrine hydro- 
chloride 0.2 Gm. (3 gr.) with sodium bicarbonate I Gm. (15 gr.) in 
300 cc. of water every six hours for five doses, followed by O.l Gm. 
(1% gr*) three times a day for six day.s; then 0.1 Gm. once a day for 
ninety days to prevent relapse. If quinacrine i.s not tolerate^l, which 
is seldom, quinine or totaquine 1 Gm. (15 gr.) three times a ilay for 
two days followed by 0.6 Gra. (10 gr.) three times a day for five days; 
then 0.6 Gm. a day for ninety days. Totaquine is more likely to cause 
gastric up.««et than quinine. (2) JVith persist ftit vomit inp, cerebral 
symptoms, or a high count of falciparum in the blood; (a) Quinacrine 
0.2 Gm. (3 gr.) in 5 c<*. of water intramuscularly in eueh buttock every 
six or eight hours for three or four doses. As soon as po.ssible, quinacrine 
by mouth, the total dosage in forty-eight hours being 1.3 Gm, (20 gr.). 
Then 0.1 Gm. (1% gr.) three times a day for five days, (b) At the 
same time quinine dihydroehloride 0.6 Gm. (10 gr.) in 300 to 400 cc. 
of physiological salt solution is given intravenously very slowly indeed 
(in 30 to 60 minutes) and repeated in three or four hours. 

Quinacrine dosage: For treatment of an aeule attack, usually 1.0 
Gm. of quinacrine hydrochloride is given in divided doses the first day, 
followed by 0.3 Gm. per day for .six days. The action by mouth oeeiirs 
promptly, so parenteral administration in u.sually un?uH!e8.sary. If vom- 
iting occurs, administer by rectum or intramuscularly. The intravenous 
route should be avoided. See treatment for malaria for additional in- 
formation. 

Preparations 

Quinacrine Hydrocfhloride, Quinacrinae Tlydrochloridum, U.H.P. Dosage: 
0.1 Gm. (1% grains). 

Quinacrine Hydrochloride Tablets, Tabellao Quinacrinae Hydrochloridi, 
U.8.P. The usual sizes contain 50 mg. and 100 mg. 

PAMAQUINE 

Pamaquine or pamaquine naphthoate contains about 44 per cent 
of 6-m6tlioxy-8-(l-m6tnyl-4-diethylamino) butylaminoquinoline and 
about 55 per cent methylene-bis-jj-hydroxynaphthoic acid. It is a yel- 
lowish, odorless and tasteless powder having a local anesthetic effect 
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when placed on the tongue. It is insoluble in water, but is soluble 
in alcohol. The. structural formula is: 


CH,— O— 

yv 

II — N — <;h — <;H-— CH,— 

1 

CH, 


C>H. 

/ 

N 

\h. 


Pamaquine 


Action and Uses. — Its antimalarial properties affect chiefly the 
gametoeytes or sexual forms. Pamacpiine appears to have a definite 
effect in lowering the relapse rate in P. vivax when given in large 
doses and in conjunction wdth quinine. The toxic effects, however, 
are so serious as to almost contraindicate its use. 


Paiiiaijuine naphthoate should be administered only when it is im- 
portant to destroy gametoeytes, especially of malignant or subtertian 
malaria. The dose should not exceed 0.02 dm. by mouth three times 


a day after meals. It is continued for one W’eek, provided no cyanosis 
or other toxic reactions appear. Patients should be under constant 
medical supervision. 

Toxicology. — The usual .symptoms following its use are nausea, 
anorexia, epigastric tenderness, diarrhea, arrhythmia, headache, 
pallor, subnormal temperature, and changes in the blood, such as 
methemoglobinemia, cyanosis, hypoglycemia, and jaundice. Because 
of both its therapeutic limitations and toxic tendencies pamaquine 
is being rapidly replaced by pentaquine. 


l*KEP.\R.VTION 

I’aniaquine Naphthoate, Pamaquinac Naphlhoas, N.F. (Aminoquin 
Naphthoate, Plasmoquin^. Dosage: 20 mg. grain). 


CHLOBOQUINE 

(’hloroquirie. another very promising new .synthetic antimalarial 
ilrug, was introduced in 1944. The structural formula is; 

CM, C,H, 

! / 

H — N — (’ll — CH — CH — CH — X 


II 

Chloroquine 

This drug is rapidl}’^ absorbed from the gastrointestinal tract, and 
from 10 to 20 per cent is excreted in the urine. 

Toxic reactions of chloroquine are similar to those of quinacrine, 
but occur less frequently. It does not cause yellow coloration of 
the shin. A mild pruritis may occur. 
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Chloroquine is effective against the erythrocytic forms of vivax 
and falciparum plasmodia. Its potency is about three times that of 
quinacrine. A single dose (500 mg. or less of chloroquine diphos- 
phate) per week gives adequate suppression of symptoms. Chloro- 
quine provides the most rapid rate of parasitic clearance from the 
blood and the longest latent period between attacks. 

According to the National Research Council, chloroquine represents a 
considerable improvement over atabrine or quinine. For suppression of 
a latent infection two tablets (0.5 Qm.) once weekly given on the same 
day each week is adequate. For treatment of an acute attack 1.0 Gm. 
of chloroquine (4 tablets) is given in divided doses the first day, 
followed by 0.5 Qm. (2 tablets) on each of two successive days. The 
total dosage is 2.5 Gm. (10 tablets) in three days. Although this 
regime does not cure, further relapses do not occur for at least two 
months. No further treatment may be indicated. 


PALtJBBlNE 

Paludrine, possessing the following structural formula, was syn- 
thesized in 1945. 

CH, 

Cl — \ — NH — C — NH — C — NH — 

N II II \ 

NH Nil CH, 


Paludrine is readily absorbed following oral administration. About 
one-third of the dose is excreted through the bile and intestinal mu- 
cosa and appears in the feces; some is excreted in the urine. 

Its ability to suppress symptoms is similar to quinine, quinacrine, 
and chloroquine, but this action is less rapid, requiring from three 
to four days. It possesses a very low toxicity, which gives it an 
advantage over other antimalarial drugs. 

Paludrine has a curative effect in P. falciparum infections but is 
without effect on the relapsing rate of P, vivax infections. The usual 
dose is 100 mg. per day. Doses ten times as large pro<luce no toxic 
reactions. 

Paludrine resembles chloroquine in it9 effectiveness in the treatment 
of acute attacks of malaria. Dosage: 10 to 50 mg. twice daily for 
fourteen days. 

PENTAQUINE 

Pentaquine represents another synthetic quinine preparation w'hich 
is more potent and less toxic than pamaquine. Its formula is 
6-methoxy-8-(5-i80propylaminoamylamino) -quinoline, which is written 
structurally as follows: 


CHr-0- 


y\/^ 


I I 
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CH 


CH. 


II— N— Clir-CH^n,— ^ ch. 


Pentaquine 
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Action and Uses. — ^Pentaquine is given orally and is rapidly and 
completely absorbed from the intestinal tract. It is not cumulative. 
Only small amounts of the dpug are excreted, the internal metabolism 
not being known. 

Pentaquine is effective in producing a complete cure in old cases 
of P. vivas: infections. It is always used with quinine, and a definite 
synergistic response results from their use together. 

Toxicology. — ^The toxic manifestations of pentaquine include nau- 
sea, abdominal pains, anorexia, anemia, leukopenia, fever, cyanosis, 
methemoglobin, and jaundice. There is some evidence of synergistic 
toxic action when given with the sulfa drugs. Lower dosage levels 
(40 mg.) rarely produce toxic effects and are very effective. Dosage 
level of 180 mg. per day may cause intravascular hemolysis, postural 
hypotension, and even syncope. 

Therapeutic Uses. — Relapses of infections with P. falciparum and 
P. vivax are a major problem in the treatment of malaria. Pentaquine 
shows considerable promise but is somewhat toxic. Dosage: 10 mg. 
(14 mg. pentaquine diphosphate) together with 0.6 Gm. of quinine 
sulfate every four hours for tw’o weeks. Paludrine apparently has a 
similar action, but to a limited degree. 

The daily dose is from 40 to 80 mg. of pentaquine monophosphate. 
The usual course of treatment is fourteen days. A second or third 
course of treatment may be necessary. 

Ohlorguanide Hydrochloride 

Kc<*ent investigations indicate chlorguanide hydrochloride is useful 
in malaria treatment. It seems evident that 0.3 Gm. of the drug is 
often essential for the suppression of malaria, and for the prevention 
or suppression of vivax malaria (.1. A. M. A. 139; 378, Feb. 5, 1949). 

MISGKLL.VNKOUS ANTI-INPKCTIVE DRUGS 

Methenamine 

Methenamiuc, (CHs),N 4 , hexamethylenamine, hexamine, occurs as 
small colorless crystals or white powder which is soluble in water 
(1:1.3) and in alcohol (1:12.5). The drug rapidly decomposes in air 
and even tablets will lose an appreciable amo\int of weight. It is of 
definite value as a urinary antiseptic. 

Pharmacological Action. — Methenamine itself is inert and exerts 
no antiseptic action on tissues except in the urinary tract when the 
reaction of the urine is acid. When taken by mouth methenamine is 
absorbed rapidly, and the greater part may be excreted unchanged by the 
urine. The excretion starts about one hour after administration and is 
completed in twelve hours. In the presence of free acid methenamine 
is decomposed, yielding formaldehyde, which exerts an antiseptic action 
on urine and on the mucous membrane of the genitourinary tract. 
Formation of formaldehyde occurs according to the following reaction: 
The end point depends on the hydrogen-ion concentration. 

(CH,),N, + 6H,0 4NH, + 6HCHO 

The drugs principally used for acidification of urine have been sodium 
acid phosphate (NaH^OJ, ammonium chloride, and ammonium nitrate, 
usually in 1 to 1.3 gram doses three or four times daily. The problem 
of the physician is to maintain tlie urine at a pH of 5.5 or less. Since 
chlorphenol red paper or nitrazene paper f Squibb) indicates this degm 
of acidity, the problem is only to keep the urine at an acidity which 
will give a positive test with this paper. 
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Toxicology. — ^No 83 nnptoms arise from therapeutic doses of methen* 
amine, but large doses cause pain and discomfort in the bladder and 
occasionally hematuria, due to the formaldehyde present. Some 
patients have an idiosyncrasy to this drug and even small doses may 
cause painful micturition and frequently hematuria. Caution: 
Hematuria and albuminuria may occur in patients with sensitive or dis- 
eased kidneys. 

Therapeutic Uses. — Methenamine was one of the most effective 
urinary antiseptics available until the advent of niandelic acid and more 
recently the sulfonamides. It is useful in the treatment of urvnaiy 
infections (especially E. coli), as a prophylactic against infection in 
catheterization, and in operations on the urinary organs. 

In treatment of pyelitis and cystitis, etc.: 

B 

Methenamine 15.00 Gm. (3iv) 

Distilled Water q.s. ad. 120.00 cc. (fjiv) 

M. Sig.: Teaspoonful every six hours as directed. 

(Bender urine acid with NaH,P 04 .) 

Preparations 

Methenamine, Methenaminaf U.S.P., Hoxamino, B.P. Dosatje: 0.5 Gm. 
(71^ grains). 

Methenamine Tablets, Tahellae Mtthenaminae, U.8.P. The usual sizes 
contain 0.3 Gm. and 0.5 Gm. 

Mandelic Acid and Its Salts 

Mandelic acid, C,H|CH(0H)C00H, is a white crystalline compound 
soluble in water and alcohol. It was introduced by Rosenheim (1935) 
as a practically nontoxic keto acid which is excreted unchanged in the 
urine and renders this bacteriostatic, especially if the reaction of the 
urine is acid (pH 5-5.5) and the water intake limited. It is often sue* 
cessful against urinary infections which resist .sulfonamide treatment. 
Infections due to staphylococci and Aerohacter aerogenes, and possibly 
colon bacillus infections respond poorly to this drug. Knterococcic or- 
ganisms (5. fecalis) may be treated by mandelic acid derivatives. These 
infections do not respond to sulfa drugs. 

Mandelic acid may be administered as the ammonium, sodium, or 
calcium salt. The ammonium salt, in the form of syrup, is given in 
doses of 8 cc. four times daily. To avoid nausea it is best to admin- 
i.ster thi.M drug following meals and ju.st l>efore retiring. Therapy with 
ammonium mandelate may not require additional acidifying salts in 
order to obtain the proper reaction with urine. 

CALdUM MANDELATE, which apparently causes less nausea, is given in 
doses of 3 Qm. four times a day. With this agent some acidifying agent 
must be administered. Ammonium chloride in doses of 4 to 8 Qm. is 
usually sufficient. The reaction of the urine should be followed closely. 
In some patients proper acidity is difficult to attain. 

Toxicology, — ^The disadvantages of mandelic acid therapy are the 
large amounts of drugs necessary, tending to gastrointestinal upset 
and the occasional production of hematuria. Its major drawback is 
the inability of the damaged kidney to excrete urine of necessary 
concentration of organic add or of sufficient low pH or both. 

Oombined Caldnm Mandelate and Methenamine.-— In the treatment 
of nonspeciilc urinary infections it has been frequently observed that 
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a combination of calcium mandelate and methenaminei plus an 
acidifying agent, has proved effective when other forms of therapy 
have failed. 

Preparations 

Mandelic Acid, Acidum Afandelicum, U.S.P., B.P. Dosage: 3 Gm. 
(45 grains). 

Calcium Mandelate, Calcii MandelcLS, U.S.P. Dosage: 4 Gm. (60 
grains ) . 

Chaulmoogra Oil 

Chaulmoogra oil has been used in the treatment of leprosy for 
more than fifty years, and lately for certain types of chronic arthritis. 
The oil is a fatty substance expressed from seeds of Taraktogenos 
kurzii, a tree growing in Burma and adjacent countries. The crude 
oils are evii*smelling, irritant substances which cannot be tolerated in 
therapeutic doses by mouth and are too irritant for intramuscular 
injection. 

Physiological Action. — The therapeutic properties of chaulmoogra oil 
appear to be due to optically active, unsaturated fatty acids, chiefly 
cliaulmoogric acid and hydnocarpic acid, which occur in the oil as 
glycerides. These fatty acids apparently destroy the bacillus of leprosy. 
Some believe that the drug acts by increasing the resistance of the 
patient rather than by any specific action on the bacillus. 

Administration. — The drug is best administered by injection or by 
mouth, but it may also be administered by inunction. The crude oil, 
the ethyl ester, and the sodium salts are used, and while the ethyl ester 
is favored for hypodermic use, the present tendency seems to be in 
favor ot the crude oil. 

Rogers recommends a 3 per cent solution of sodium hydnocarpate ; 
to be injected intravenously twice a week, commencing with a dose of 
0.2 cc. and gradually increasing the dose to 5 cc. once a week. The 
formula of Johansen, of the National I.*eprosarium at Carville is as 
follows: 

Benzocaine 0.2 Gm. 

Olive Oil 10.0 cc. 

Crude Chaulmoogra Oil 90.0 cc. 

Injections of 5 to 8 cc. are made twice a week in the deltoid muscle. 
Associated with this, the crude oil is given orally, beginning with 
0.6 cc. (10 minims) in capsules three times' a day after meals, this 
being gradually incren.«!ed to 1.2 cc. (20 minim.s). 

Chaulmoogra oil ami its <lcrivatives are now considered to be rela- 
tively inefr(H!tivo in the treatment of leprosy. Penicillin and the com- 
mon sulfonamides may exert a l>eneficial effe(‘t upon secondary in- 
vaders. Promin and diasone probably produce some beneficial effect. 

Preparations 

Chaulmoogra Oil, Oleum Chaulmoograe, N.F. (Hydnocarpus Oil). Dos- 
age: 1 cc. {Oleum Hydnocarpi, Hydnocarpus Oil, B.P.). 

Ethyl Chaulmoogmte, Aethylis Chaulmoogras, N.F. Dosage: Oral or 
mtramuscular: 2 cc, (N.F.). 

Sulfones 

A number of sulfones have given promising results in the treat- 
ment of experimental tuberculosis in guinea pigs. Those of special 
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interest include 
these drugs are: 

promin, diasone, 

and promizole. 

The formulas for 
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Promizole 


liSprosy. — Promin and diasone undoubtedly produce some bene- 
ficial effect on the disease. Promin has been given intravenously, 
daily, in doses of 1 to 5 Gm. with encouraging results. Diasone has 
been used in doses of 1 Gra. daily by mouth. Objective improvement 
was observed by Faget et al. (1946) in 65 per cent of patients. 
Promizole, another sulfone derivative suitable for oral administration, 
was also used by Faget (1946) with encouraging results. 

Tabercul 08 to.-~The sulfones (promin, diasone, and promizole) have 
a definitely inhibitory effect on tuberculosis in rabbits and guinea 
pigs. Unfortunately they are toxic; and their effects on human be- 
ings have been inconsistent, and benehcial actions have not been com- 
parable to those obtained in animals. 

Streptomycin with promin and diasone have given some encouraging 
results. 
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CHAPTER X 


DRUGS ACTING ON THE CENTRAL NERVOUS 
SYSTEM 

I. STIMULANTS; DEPRESSANTS— GENERAL 
ANESTHETICS, HYPNOTICS, AND 
SEDATIVES 

The chief function of the nervous system is to enable the various 
parts of the body to respond to stimuli. If the stimulus is under the 
control of the consciousness, and can be initiated or stopped at will, 
it is called voluntary. If the responses are not under the control of the 
will they are termed involuntary. 

The nervous system may be divided into two main portions: 

1. The central nervous system. 

2. The peripheral nervous system. 

The central nervous system consists of the brain and the spinal cord 
and many thousand sensory, motor, and association nerve fibers. The 
central nervous system may be divided into four main parts: cerebrum, 
cerebellum, medulla oblongata, and the spinal cord. 

The peripheral nervous system consists of thousands of sensory neurons 
which convey nflferont impulses from every part of the body to the 
central nervous system, and thousands of motor neurons which convey 
efferent responses from the central nervous system to the various muscles, 
glands, etc. The peripheral nervous system may be divided into the 
autonomic system, consisting of the sympathetic and parasympa- 
thetic divisions, and the cerebrospinal nervous system. The 
autonomic nervous system controls the vegetative side of life — 
nutrition, reproduction, circulation, etc. Almost all of the internal 
organs receive nerve fibers from this system. 

STIMULANTS 

STIMULANTS OF CEREBRUM 

The chief drugs of the caffeine group are caffeine, theobromine, and 
theophylline. They possess several characteristic actions: (1) In- 
creased irritability of the central nervous system from above down- 
ward ; leading to stimulation of the psychic areas, the medullary centers 
(respiratory, vasomotor, and vagus). (2) Increased ease of muscular 
contraction. (3) Production of diuresis. (4) Vasodilatation by direct 
action on vessels. Caffeine is by far the mo.st important central nervous 
system stimulant of this group. 


Caffeine 

Caffeine, trimethylxan thine, is an alkaloid obtained commercially 
from damaged tea leaves, but occurs in a variety of other plants, e.g., 
coffee, kola, guarana, matd, etc. Coffee contains about 0.67 to 2,25 
per cent and tea about 3.2 per cent of caffeine. It is closely related 
to other methylxanthines, mainly theobromine (3.7 dimethylxanthine) 
from cacao, and theophylline (1.3 dimethylxanthine} which is usually 

801 
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prepared synthetically. Xanthine and its methyl derivatives produce 
the principal actions of the group. 

Phannacologlcal Action. — ^The main actions of caffeine are: stimu- 
lation of all parts of the central nervous system, stimulation of 
muscle, cardiac and vasomotor stimulation, and finally, stimulation 
of urine formation. Its actions are complex and not readily con- 
trollable. 

Caffeine is rapidly absorbed from the stomach and intestines follow- 
ing oral administration; the drug is also rapidly absorbed following 
subcutaneous injections. Cerebral stimulation, following oral doses, 
occurs in from one-half to one and one-half hours. Excretion is fairly 
rapid, within a few hours. Caffeine loses its methyl group as it passes 
through the body but forms dimethyl and monomethyl xanthines, xan- 
thine, and urea. Some caffeine remains unchanged. About 10 per cent 
of ingested caffeine appears in the urine in the form of the above- 
mentioned decomposition products. The rest is oxidized in the body 
to urea, carbon dioxide, and water. Most investigators believe that 
there is no increase in excretion of uric acid in the urine of a normal 
person, while others find a definite increase in the uric acid content 
(Benedict). 

Action on Central Nervous System . — Caffeine stimulates all parts of 
the central nervous system from above downward, which includes psychic 
areas, medullary centers, and the cord. This action may diminish 
the patient’s feeling of exhaustion and improve his sense of well- 
being. Unlike strychnine, it produces a greater action on the brain 
centers than on the cord, but like strychnine, it stimulates the vital 
centers of the medulla. 

Cerebrum . — Moderate doses of caffeine (2 to 3 grains^ stimulate the 
entire cerebrum. There is a stimulation of the intellectual centers, 
especially those of reason, judgment, and self-control. The mind be- 
comes keener and more alert, the spirits higher, and thinking becomes 
more effective. At the same time the sense of pain becomes more acute 
and the sense of touch more discriminating. Small doses of caffeine 
act as a true stimulant of the intellectual and motor centers of the 
cerebrum, while larger doses (8 to 15 grains) sometimes produce over- 
excitability, agitation, and inability to concentrate. The stimulation is 
apparently not followed by depression, except as it exhausts reserves. 

In sick persons it is possible that the stimulating effect of caffeine 
may produce untoward effects, making pain more acute and the 
patient more restless and alert, thus possessing a keener realization 
of the seriousness of his illness. 

MeduUa , — Caffeine strongly stimulates the respiratory center, causing 
an increase of depth and frequency of the respiration. It has slight 
action on the vasomotor and vagus centers. This stimulation of the 
respiratory center is especially evident after morphine, excessive doses of 
which may exhaust the respiratory system and cause asphyxia. 

Spinal Cord . — Caffeine increases the reflex activity of the spinal cord. 
Thmpeutic doses tend to improve the tone of muscle, while large doses 
may cause twitching of muscles, especially those of the limbs and face. 

Action on Circulation . — Caffeine is purely an emergency drug, which 
may be used effectively as a circulatory stimulant, but should not be 
administered indefinitely. It acts on the heart and blood vessels, periph- 
erally and centrally. The predominant action of a therapeutic dose is 
vasodilatation combined with cardiac stimulation. This may raise the 
blood pressure slightly and favor blood flow. The other purine deriva- 
tives, such as theophylline and its compounds, and also theobromine, are 
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too feeble in their action as cardiac and Tasomotor stimulants to be of 
value in the treatment of circulatory failure. 

Heart. — Caffeine, through 'direct action on the heart muscle, may 
raise its tone, increase both the strength and completeness of its systole, 
promote diastole relaxation, and if there is not too much acceleration 
produced, may result in an increase of cardiac output. Some improve- 
ment in coronary circulation, by a specific dilatation, follows the use of 
caffeine. On the other hand, in susceptible individuals, large doses may 
produce haraifui tachycardia and impair the cardiac output by diminish- 
ing diastolic relaxation. Some clinicians feel that in shock the danger 
of cardiac death is increased by caffeine. It is said by some workers 
that arrhythmia caused by digitalis may be removed by caffeine. 

Arteries . — The vasoconstrictor center is moderately stimulated by 
caffeine, but in general, peripheral vasodilatation overcomes this effect. 
A hypodermic injection of 0.3 gram (5 grains) slows the pulse slightly 
and rarely raises the blood pressure. 

Action on the Kidneys.’^nfteme is a diuretic. This is especially 
true when there is excess fluid in the body. It speeds up the fluid out- 
put and increases elimination of urinary solids. Caffeine may act partly 
by increasing blood flow through the dilated renal arteries, but the 
major part of the action may be directly on the kidney. The direct ac- 
tion on the kidney is caused by stimulation of the secretory cells of the 
tubules, and by increasing the permeability and number of active 
tubules. 

Action on the Muscles . — Extensive animal experimentation has shown 
that caffeine acts directly on striated muscle, increasing its irritability 
and strength of contraction. These results may occur from direct stimu- 
lation of motor areas in the cerebrum. The results from such stimula- 
tion are improved muscle tone and lessened susceptibility to fatigue. 

Experiments with large groups of soldiers and laborers have revealed 
that caffeine used in connection with a normal diet will increase the 
ability to endure prolonged physical exertion. Hyde and co-workers 
found that non-athletic individuals showed a greater increase in endur- 
ance than did the athletes on the same dose. 

Action on Metabolism . — Large doses increase metabolism and raise 
the temperature. In man from 0.5 to 0.7 gram (8 to 10 grains) of 
caffeine causes an increase in basal metabolism with no significant 
change in pulse rate, respiratory quotient, and heat loss through evapora- 
tion. 

Toxicology. — Fatal poisoning by caffeine is rare. A fatal dose may 
be, presumably, about 10 grams. Acute Poisoning. Excessive doses 
produce insomnia, nervousness, headache, palpitation, nausea and vomit- 
ing, especially in susceptible persons. Toxic doses may produce tetanic 
convulsions and cardiac dilatation. Chronic Poisoning. The symptoms 
of chronic poisoning are exaggerated reflexes, insomnia, anxiety, neurosis, 
and functional cardiac symptoms. Treat by stopping the use of the 
drug. Evacuants and narcotics (bromide, chloral, etc.) may be indicated 
in acute conditions. 

Idiosyncrasy toward caffeine is apparent in some individuals. (Children 
and nervous and weakened individuals are apparently more susceptible. 

Therapeutic Uses. — Caffeine is probably the mo.st widely used drug. 
It is usually prescribed in the form of citrated caffeine, or caffeine 
and sodium bensoate. The citric acid and the sodium benzoate are 
used to render caffeine more soluble. Caffeine and sodium benzoate 
is used almost exclusively for hypodermic administration. Citrated 
caffeine Is the usuiU choice for oral administration. The drug may 
be employed medicinally by giving the beverages tea and coffee. The 
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average caffeine content of a cup of coffee is about 2.0 grains; the 
different brniuls of coffee vary, however, in caffeine content, hor ex- 
ample, Mocha coffee contains about 0.67 per cent caffeine while gray 
Java coffee contains 2.21 per cent. A cup of tea is usually a weaker 
drink as less tea leaves are used. 

Coma and Collapse. — Caffeine is useful in collapse. It is a cerebral 
as well as a cardiac and respiratory stimulant. C'uffeinc and .sodium 
benzoate, 7% grains (0.5 Gm,), should be administered subcutaneously 
or intramuscularly. As a circulatory stimulant in diabetic coma Joslin 
write.s; . . we have made it a rule to use caffeine in the form of 
caffeine and sodium benzoate fretdy. The usual subcutaii»*ous dose 
is 5 to 8 grains (O.Il to 0.5 Gm.) every two hours, but usually less than 
40 grains (2.5 Gm.) have been given in any twenty- four hours. 

Antidote in Narcotic Poisoning. — Caffeine may l>e used in narcotic 
poisoning in the form of hot coffee, which may be administered by 
rectum if the stomach is to be washed out. It is an efficient antidote 
for poisoning by opium, snlicylate.s, cyanide, aspidium, alcohol, and 
other hypnotics. Administer caffeine and soiliiirn Ixmzoatc, 7^3 grains, 
intramuscularly or subcutaneously. 

Cardiac Diseases. — The cardiac stimulation is useful in temporary 
cardiac weakness. In cases of cardiac failure in acute infectious dis- 
ea8e.s caffeine is indicated. It is generally best administered hypo- 
dermically in the form of caffeine and sodium beii/.oati*. The average 
d<jse lies l)etween ()..*] and 1 gram. Its frequency of administration 
should be guided by its effectiveness. It should be regarded as an 
emergency measure. 

Diuretic. — Caffeine is a valuable diuretic. It is especially efficient in 
some cases of dropsy, although it is generally inferior to the other 
xanthine derivatives, 

Eoentgen Sickness. — Symptomatic relief may follow the inje<dion of 
caffeine and sodium benzoate, 0.5 Om. subcutaneously. 

Heat Exhaustion. — Besides the injection of 500 to 1,000 cc. of ph 3 r 8 i' 
ological .salt solution, it is advisable to give a stimulant such ns caf- 
feine ami sodium benzoate, 0.5 Gm. subcutaneously. 

Functional Hypoglycemia. — Caffeine in the form of caffeine and 
sodium benzoate (0.3 Gm.) given sul>eutaneously is effoe.tive in emer- 
gencies. A cup of coffee is so effective as to servo in some instances 
as a diagnostic test (Harris). 

Headache. — It relieve.s .some forms of headache, but in the congestive 
form it may increa.se the pain. In migraine a capsule of nininopyrine 
(5 grains) and citrated caffeine (2 grains), administered three or four 
tiroes in twenty-four hours is often effective. 

For headache: 

n 

Citrated Caffeine 0..3() Gm. (gr.vj) 

Acetophenetidin 2.00 Om. (Sss) 

Sodium Bromide 0.00 Om. (3iss) 

M. div. in chart. No. vi. 

Sig.; One powder In water every three hours until relief. 
Preparations 

Caffema, Caffeine, U.S.P., B.P. Dosage: 0.2 Gm, (3 grains) in cap- 
sules. 

Caffeine and Sodium Benzoate, Caffeina et Sodii Heneoaie, U.S.P., 
B.P. Dosage: Oral or intramuscular, 0.5 Om. (7V& grains). 
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Caffeine and Sodium Benzoate Injection, Injectio Caffeinae et SodU 
Bemoatis, XJ.S.P. A jsterile solution in water for injection. It 
contains an amount of anhydrous caffeine equivalent to 48 per 
cent and an amount of sodium benzoate equivalent to 51 per cent 
of the labeled amount of caffeine and sodium benzoate, including 
all tolerances. The usual sizes contain 0.25 Gm. and 0.5 Gm. 
in 2 cc. 

Citrated Caffeine, Caff etna Citrata, XJ.S.P. Dosage: 0.3 Gm. (5 
grains). 

Theobromine and Theophylline 

The central actions of theophylline are less than those of caffeine. 
The central actions of theobromine are very much weaker. Since the 
circulatory and diuretic effects of these drugs are correspondingly 
intensified with the decrease in central effects, these drugs are 
primarily used for their diuretic effects (See Diuretics). 

DRUGS WHICH STIMULATE THE MEDULLA 

The drugs which stimulate the medulla include apomorphine, picto- 
toxin, metrazol, and nikethamide. Metrazol and nikethamide are syn- 
thetic medullary stimulants. 


Apomorphine 

Apomorphine, C„H„NO„ is a synthetic derivative of morphine made 
by the dehydrating action of concentrated acids upon the alkaloid. It 
is a white powder slightly soluble in water (1:50) and in alcohol 
(1:50). 

Pharmacological Action. — Apomorphine possesse.s little narcotic 
action, but is of importance therapeutically and toxicologically be- 
cause it produces vigorous vomiting. Nausea comes on promptly and 
vomiting occurs within one minute and lasts for a few minutes. 
Larger doses produce vomiting which continues for an hour or more, 
and may result in collapse. The specific action of apomorphine on the 
vomiting center was observed by Hatcher and Weiss. They showed 
that the small amount (0.001 mg.) of apomorphine per kilogram of 
body weight induced vomiting in dogs when applied directly to the 
vomiting center. Small doses of apomorphine are expectorant, in- 
creasing the fluidity of the bronchial secretions. 

Toxic doses of apomorphine induce salivation, lacrimation, weak- 
ness, dizziness, and convulsions. Death may follow due to re.spira- 
tory failure, although no such death is on record. Treatment should be 
directed at maintaining respiration. 

Therapeutic Uses. — Apomorphine is used chiefly as an emetic and 
sedative expectorant. Emetic , — Emetics are less frequently employed 
to evacuate the stomach than formerly, as the stomach tube is now 
preferred. Emesis, however, may be indicated in poisoning, and here 
apomorphine is indicated. .Apomorphine hydrochloride is an excellent 
emetic in arsenic, oxalic acid, and wood alcohol poisoning. Administer 
V4o grain (0.000 Qm.) hypodermically. In narcotic poisoning apomor- 
phine may not act, because of the depression of the vomiting center. 

Sedative Expectorant , — As a sedative expectorant apomorphine, in a 
dose of grain (0.001 to 0.002 Gm.), is advised. 

Hypnotic , — Apomorphine may Ikj used as a hypnotic in asthma and 
delirium tremens. I 4 irabert says that apomorphine hydrochloride, 
gr^n (0.006 Qm.), combined with strychnine sulfate, grain (0.002 
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Gin.)i is an excellent sedative in delirium tremens. Apoirorphine is 
recommended as a sedative in liiccup. 

Taroxysmal Auricular Tachycardia , — Apomorphine hydrochloride 
grain (3 mg.), will frequently stop paroxysms (Gold, 1940). 

Preparation 

Apomorphine Hydrochloride, Apamorphinae Uydrochloridum, U.S.P., 
B.P. Dosaye: Emetic, by hypodermic injei^tiou, 5 mg. (Viu 
grain). Expectorant, 1 mg. J?***'*^^)? repented once an hour 
or once in two hours. 


Picrotoxin 

Picrotoxin is a neutral principle of the dried fruit of Anamiria 
paniculaia, a climbing shrub of the East Indies. The plant contains 
about 1 per cent of picrotoxin (C^H^O,*). The fruit has been u^d 
as a ^sh and bird poison, and as a remedy against parasites and vermin. 
It ia sufficiently soluble to make a 0.3 per cent solution. When chlor- 
butanol (0.5%) is added it keeps indefinitely. 

Phazmacological Action. — Picrotoxin is a powerful central nervous 
system stimulant. In mammals it stimulates the cortex although its 
most prominent effect is on the midbrain and medulla. Large doses 
affect the cord. 

Gne of the most important actions of picrotoxin, first mentioned by 
Maloney, Fitch and Tatum (1931), is its ability to antagonize the 
central depression caus^ by large doses of barbiturates. This drug is 
the most effective of all central nervous system stimulants in this re- 
spect. Picrotoxin increases the rate of respiration, an action which 
IS of value in barbiturate poisoning. It also produces a rise in blood 
pressure due to stimulation of the vasomotor center. 

The drug is rapidly absorbed from all channels. Following intra- 
venous administration, it leaves the blood stream in about twenty min- 
utes. It is apparently destroyed quite readily and this accounts for 
the clinical practice of administering small doses frequently for sus- 
tained effect. 

Toxicology. — Picrotoxin is a dangerous medullary stimulant because 
the therapeutic dose is near the toxic dose. The initial symptoms 
are burning sensation in the mouth, esophagus, and stomach, with 
salivation, nausea and vomiting, cramps and diarrhea. Following 
these symptoms are sweating, pallor, headache, palpitation, and 
shallow respiration, passing into unconsciousness. Convulsions of the 
tonic and clonic type may occur. Sometimes the jaws close as in 
strychnine poisoning. Death is due to respiratory failure. Treat by 
emetics, chloroform for convulsions, and stimulants in the latter stages. 

Therapeutic Uses. — The medullary stimulation produced by picro- 
toxin might be expected to have many therapeutic uses. Such use is 
handicapped by the nearness of the therapeutic and toxic doses. The 
therapeutic dose is from 0.5 to 2 mg. 

Analeptio . — Striking results have been obtained by the use of picro- 
toxin as a restorative, due to the stimulating effect on the vital centers 
of the medulla. This action may be sufficient to keep the patient alive 
until the offending poison is removed. 

Treatment of Barbiturate Poisoning . — In barbiturate poisoning picro- 
toxin may be administered in large doses. It must be administered by 
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▼6in in divided doses of 3 to 10 mg. (its usual dose is 0.5 to 2 mg.) and 
the total amount administered should depend upon the response of the 
patient. 

Chorea and Convulsions, — Picrotoxin has been used in chorea and 
convulsions in children with some success, but such use is not advisable. 

Preparations 

Picrotoxin, Picrotoxinum, U.S.P. Dosage: 2 mg. grain) or more 
depending on severity of barbiturate poisoning. 

Picrotoxin Injection, Injectio Ficrotoxini, U.S.P. Sterile solution of 
picrotoxin in isotonic solution of sodium chloride. Dosage: In- 
travenous 2 mg. or more grain) depending on severity of 
barbiturate poisoning. 

Metrazol 

Metrazol, N.N.R., pentamethylenetetrazol (cardiazol) 
(CH,CH,.CH,CH,CH,C:=:N— N=N— li ) 


is a promptly acting circulatory and respiratory stimulant. It is a white 
crystalline powder prepared synthetically and is very soluble in water. 
Solutions do not deteriorate on standing and may be sterilized by heat. 

Action and Uses. — Metrazol is a powi^rful stimulant of the central 
nervous system, especially of the medulla. The vasomotor and vagal 
centers are likewise stimulated. 

Metrazol is rapidly absorbed and likewise rapidly detoxified. In de- 
pressed states of the circulation and respiration, metrazol tends to raise 
the blood pressure toward normal, to improve the pulse, and increase the 
depth of respiration. It may cause capillary dilatation of the splanch- 
nic region, and animal experiments indicate that intravenous injection 
may be dangerous. 

It is indicated (1) in circulatory collapse and shock as a restorative; 
(2) in respiratory depression and deep anesthesia; (3) to antidote bar- 
biturate and morphine poisoning; (4) in asphyxia neonatorum to stimu- 
late both circulation and respiration. Metrazol is also used in the 
treatment of mental disorders in doses which induce convulsions. 

Boyd (1942) reported termination of attacks of paroxysmal auricular 
tachycardia through the intravenous administration of 1 cc. of the 
commercial ampul pn'parations of metrazol. In heart block, Myres 
(1941) obtained symptomatic relief using a IVi grain (0.1 Gm.) tablet 
three times a day. 

Administration. — Parenterally — give 0.1 to 0.3 Gm. (1^-4% gndns) 
intramuscularly, subcutaneously, or intravenously, repeated as required; 
in extreme emergencies, collapse or narcosis, inject 3 cc. (10% aqueous 
solution) intravenously or intramuscularly and repeat this dose if 
necessary. Orally — give 1% to 4% grains (1 to 3 tablets) or 1 to 3 
ce. of 10 per cent solution several times daily. The action of metrazol 
is more prolonged following oral administration. It may be combined 
with digitalis and the xanthine diuretics. 

Preparation 

Metraeolt N.N.R. Supplied in ampules, tablets, and powder. 
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NU^etliainlde (Ooramine) 

Nikethamide, N.N.R., is pyridine-i3*earboxylic acid diethylamide or 
diethylamide of nicotinic acid. The following formulas show niketh- 
amide’s close relationship to nicotinic acid. 


(^-CO.N<' 


C.H. 

CA 


N 

Nikethamide 


. COOH 


Y 

Nicotinic acid 


Action and TTses. — ^Nikethamide’s most striking pharmacological ef- 
fect is stimulation of the respiration. It also causes a sustained rise in 
the blood pressure, particularly under those conditions in which 
lowered vascular tension is due to depression of the central nervous 
system. In experiments to study the mechanism of this effect, it 
can be observed that the blood pressure increase is essentially due to 
stimulation of the so-called vasomotor centers, i.e., those parts of the 
btain which regulate and coordinate the various factors of circula- 
tion. 

Nikethamide is absorbed from all sites of administration. It is most 
effective, however, following intravenous injection. The drug has a 
wide margin of safety, the toxic dose being approximately ten times the 
therapeutic dose. 

Nikethamide has been widely used as a respiratory stimulant in acci- 
dents (carbon monoxide, barbiturate, narcotic, etc., poi.soning), sur- 
gical anesthesia, collapse, alcoholism, asphyxia neonatorum, etc. It 
is indicated in circulatory depression or failure of central origin, as 
in traumatic or surgical shock, syncope, acute infections, anesthetic 
accidents, etc. It is said to improve coronary flow. Nikethamide is also 
effective in the treatment of pellagra, including all degrees of nico- 
tinic acid deficiency. 

Hiccup , — Schell (1947) reported that intravenous injections of 2 to 
5 cc. doses of nikethamide stopped attacks in patients with cardiovascu- 
lar disease. 

Administration. — Nikethamide is available in 25 per cent aqueous 
solution for oral, subcutaneous, intramuscular, or intravenous admin- 
istration. The drug should be given intravenously in emergencies; no 
benefit can be expected from oral administration and possibly from 
subcutaneous administration. When do.ses larger than 3.0 cc. are given, 
the administration should be slow and reactions watched for. Large 
doses may produce convulsions and may cause death from respiratory 
failure. The dose may be repeated as required. 


STIMULANTS OF THE SPINAL COBD 

The strychnine group of drugs ha.s .some therapeutic and is of con- 
siderable toxicmlogical importance. They increase the reflex excitability 
of the spinal cord and of the medullary centers. This group includes 
strychnine and brucine. 

Strycliniiie 

Stryehninei is an alkaloid obtained from seeds of Strych- 

noB nux vomica, a small tree grown commercially in China and the East 
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Indies. The grayish disk-shaped seeds of nux vomica were known to be 
poisonous as early as 1640^ Records show that the seeds were used 
to destroy crows, pests, stray dogs, etc. These seeds yield several alka- 
loids, principally strychnine and brucine, of which strychnine is the 
most important. The alkaloid, strychnine, which was isolated in 
1820, has largely supplemented the whole drug for medicinal purposes. 
Strychnine was at one time one of the most frequently used drugs, 
either as a preparation of the drug or as the alkaloid, but it is now 
less frequently used. Osier once said that he ''practiced medicine 
with hope and nux vomica.^’ (Contrary to Dr. Osier, although strychnine 
is an interesting drug, it is used to a limited extent in present-day 
medicine. 

Pharmacological Action. — Strychnine increases the reflex excita- 
bility of the spinal cord and the medullary centers, but has little 
effect on the centers above the medulla. 

Strychnine is quickly absorbed from the intestine. Following oral 
administration, after hypodermic, intravenous, or rectal administration, 
absorption is much more rapid. After absorption strychnine is found 
chiefly in the blood, liver, and kidneys. The drug is destroyed chiefly 
by the liver, but about 25 per cent is excreted unchanged, mainly in the 
urine. Urinary excretion starts soon after absorption and is completed 
in from forty-eight to seventy-two hours. When injected into the 
blood stream, 50 per cent leaves the blood in five minutes. 

Action on the Spinal Cord . — The dominant action of strychnine is its 
ability to increase the reflex excitability of the spinal cord. Practically 
all reflexes are equally affected. Strychnine acts strongly on the spin^ 
cord, leas powerfully on the medulla, and slightly on the brain. Even 
weak doses intensify the irritability of the spinal reflexes so that 
weaker stimuli are effective. In a normal animal, irritation usually 
produces the same movements, that is, certain muscles contract while 
their antagonists are inhibited. Under strychnine poisoning the simple 
reflexes are stronger and are elicited by weaker stimuli. If a strong 
stimulus is applied, a different re’^ponse results; practically all the 
muscles contract at once, there being no inhibition by antagonists. 
This results in the stronger muscles overcoming the weaker. In both 
cases the change in character arises from the cord. Some explain it 
as a lowering of the threshold of resistance at the synapses lying be- 
tween the sensory and motor neurons of these reflexes. A certain re- 
si.Htance in the different paths is essential for coordinate movements, 
otherwise all muscles would contract at once. The action of strychnine 
may remove this resistance to the passage of impulses and extend the 
areas of action over all the muscles, favoring of course the usual path 
of the impulses. 

Convulsions due to strychnine may last one or two minutes followed 
by five to ten minutes' relaxation. Death occurs during a seizure, 
due to fixation of the respiratory muscles. 

Sherrington suggests that strychnine apparently changes an inhibi- 
tion into a motor response, and that the apparent reversal might 
really be due to the exaggeration of a marked component in the 
inhibitofy response. 

The stimulation of the spinal cord is followed by depression and 
paralysis. The sensory part of the spinal cord seems to become 
paralyzed first, and then the motor cells, until stimulation elicits no 
action. 

Action on Ifecfttlla.— There is a difference of opinion concerning the 
action of strychnine on the medulla. All agree in general that strychnine 



310 MATERIA MEDICA. TOXICOLOGY. AND PHARMACOLOGY 


in therapeutic doses will resensitize the respiratory center after it has 
been depressed by narcotics^ enabling it to respond to normal stimuli. 

Strychnine stimulates the cough centers changing a weak cough 
to a productive cough. 

As the vasomotor centers and the cord are stimulated so the splanchnic 
vesseb ^e constricted and cutaneous and muscular vessels dilated from 
stimulation of the vasodilator center. The blood is thus increased 
in the limbs^ skin^ lungs, and brain. The brain has little or no vaso- 
constrictor supply. 

Action on the Brain. — The special senses — touch, taste, smell, and 
bearing — ^are made more acute. The field of vision is increased and 
color discrimination is sharpened. Pain is more keenly felt. 

Action on the Heart, — The heart is not directly affected by strychnine, 
although there may occur some slowing due to stimulation of the in- 
hibitory (vagus) center. 

Local Action on the Alimentary Tract. — Because of the intensely bitter 
t^te of the s^ts of strychnine, they are taken orally in the form of the 
tincture or elixir as a y bitter*’ to stimulate the appetite and increase 
the flow of digestive juices* It is mainly absorbed by the intestine 
and after absorption it increases the movements of the bowel by its 
action on the muscle or ganglion plexus in the bowel wall. 

Toxicology. — Cases of strychnine poisoning are fairly numerous. 
Strychnine is the chief constituent of most gopher and rat poisons, 
and as such has been a frequent source of poisoning. Cathartic pills 
containing strychnine are one of the most frequent sources of acci- 
dental poisoning in children. Strychnine is readily absorbed from 
the intestines and symptoms appear in from fifteen minutes to one 
hour. Symptoms usually are as follows: a sense of tightness in the 
chest, followed by a sudden tetanic spasm, characterized by stiffness 
of the neck, a stiff sardonic grin, extension of the legs, opisthotonus 
with the body resting only on the heels and head. I'lie convulsions last 
from a half minute to several minutes, accompanied by cyanosis, rapid 
pulse, and dilated pupils. Between attacks, quiescent intervals of a 
few minutes follow, characterized by complete relaxation. Death occurs 
from exhaustion, or in the midst of a paroxysm, from asphyxia. The 
average fatal dose varies from 0.10 to 0.32 Gm., and death occurs usually 
after one to three hours. 


Treatment. — 1. Inject intravenously immediately 0.5 Gro. (7U 
grains) of sodium amytal di8.solved in 10 cc. of .sterile water; inject 
slowly. 


2. Bepeat, as required, until the patient is in a quiet sleep. 

3. If no amytal is available, substitute another barbital derivative 

such as sodium phenobarbital. ' 

4. Pass a stomach tube and wash out the stomach with a 0.1 per cent 

solution of potassium permanganate. ^ 


^rapeutic lfse&— Except for its use as a bitter tonic, there is no 
sati^actoi^ evidence that strychnine is of material value in the treat- 
meat of disease. The preparations most frequently used are the 
tinctore of nux vomica and strychnine sulfate. The extract of nux 
vomica and strychnine nitrate are used occasionally. A common error 

** tincture, eepecially when admin- 


Bitter Tonfe.— S^chnine it ns^ a* a bitter tonic, generally la the 
fo^f^repn^lOT of nux ▼onuca. It is also a tonlo to the museuter 
^tem because it induces increased response to stimuli. 
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As a stomaeUe: 

t 

n 

Nux Vomica Tincture 4.00 cc. (f3j) 

Compound Gentian Tincture 60.00 cc. (fSij) 

Distilled Water q.s. ad 120.00 cc. (fSiv) 

M. Sig.: Two (2) teaspoonfuls in water half hour before 
meals. 

Futon. — Strychnine has been used with some success, especially in 
hysteria and neurasthenic forms of amblyopia. In diminished vision, 
due to alcohol and tobacco, large doses often give beneficial results. It 
may be given internally or a 1 per cent solution may be dropp^ in the 
eye. In amblyopia, and even commencing atrophy of the optic nerve, 
strychnine is indicated. 

Paralysis , — Strychnine and nux vomica are used to preserve muscular 
nutrition in paralysis associated with functional neuritis and high lesions. 
In such conditions administer 1 to 2 mg., three times a day. This 
drug may be administered in cases of paralysis caused by lead, in post- 
diphtheritic paralysis, and in paralysis due to cortical lesions. The drug 
is also used to raise the tone of rectal and vesical sphincters, and to 
improve catharsis in atonic constipation. Walshe recommends strychnine 
in the treatment of beriberi, starting with a single daily dose of 
grain (0.002 Gm.) and gradually increasing the dosage. 

Antidote. — Strychnine is a good antidote for the treatment of narcotic 
poisoning which depresses the respiratory center and spinal cord. It may 
be used as a stimulant in aspidium poisoning if the symptoms warrant 
its use. It is used in acute and chronic alcoholism. 

Contraindications. — The use of strychnine is contraindicated in 
spasmodic and hyperirritable states, such ns epilepsy, spasmodic 
asthma, etc. 

PRKPAIIATIONS 

Nux Vomica, Nui Vomica, N.F., 11.P. Seeds yielding not less than 
1.15 per cent strychnine. Dosage: 0.1 Giu. (1*/^ grains). 

Nux Vomica Kxtrnct, ^Kxiractum Xucis Vomicae, N.F., yields about 
7.5 per cent of strychnine. Dosage: 15 mg. (% groin). 

Nux Vomica Tincture, Tinctura Xucis Vomicae, N.F., B,P. Nux 
vomica (10%) yields about 0.115 per cent of strychnine. 
Dosage: 1 cc. (15 minims). 

Strychnine Sulfate, Strychninar Sulfas, U.S.P. Dosage: 2 mg. {^o 

Strychnine*' ^Sulfate Tablets, TobtUae Strychninae Sulfatis, U.S.P. 
Dosage: 2 mg. «:**ain). 

Brucine 

Brucine (dimelhoxystrychnine) and strychnine are found in equal 
amounts comprising about 3 to 4 per cent of the seeds of nux vomica. 
The drug is a bitter, white, and poisonous alkaloid. It resembles 
strychnine in its action but is less poisonous. Brucine is rarely used 
therapeutically. 

DEPRKSSANTS OP THF* CENTRAL NERVOUS 
SYSTEM (NARCOTICS) 

Narcosis 

Drugs which depress the central nervous system also depress the 
cerebrum aud are generally known as narcotics* 
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JiTareosis may be defined as a temporary and reversible loss of function 
caused by direct action and proportional to the concentration of the 
drug. 

Characteristics of narcosis: 

1. Narcosis is characterized by a stimulation stage, e.g., ether. 

2. The narcotic agents are specific for certain tissues. 

3. Mechanism of action of narcotic drugs is dissimilar. Aliphatics 
act as general narcotics, while opium acts on specific parts of the central 
nervous system, mainly the basal parts of the brain. 

4. The effect is physical. There is no apparent cell change. 

5. Narcotic action is selective in vertebrates. It first aiFects the 
higher centers, tben the lower centers. Higher concentrations affect all 
ceUs. 

6. Richards (1867) found that (1) narcosis was proportional to the 
length of the carbon chain, (2) halogens increa^ narcotic action 
(tribromethanol is more active than ethanol), (3) hydroxyl groups de- 
creased narcotic action (propyl alcohol is more narcotic than glycerin), 
(4) and that side chains decrease narcosis (iso-butyl alcohol is less 
powerful than butyl alcohol). 

Theories of Narcosis 

Several theories have been advanced in an attempt to explain 
the action of narcotics. Chief among the more recent theories are: 

1. The Ifeyer-Overion Theory . — Meyer and Overton, working sepa- 
rately, pointed out that the efficiency of many anesthetic substances 
varied with their relative solubilities in fat and water, the more of 
the substance being taken up in fat, the greater the anesthetic power. 
The theory is based on the supposition that the character of the 
lipoids is changed by union with the anesthetic, thus depressing the 
normal functions of the nervous tissue. 

2. Theory of Moore and Roaf . — This theory suggests that narcosis 
is due to a change in the protoplasm of the cerebral cells. The change 
consists of the formation of loose compounds of ether, chloroform, etc., 
with the cell proteins. This then results in the limitation of the activi- 
ties of the cerebral tissues. 

3. Verwom^s Theory . — Narcosis was thought to be due to interference 
with oxidation of the cells. The theory advanced was that the nerve 
tissues, rich in lipoids, held the anesthetic substances in combination, 
and were thus made unresponsive to stimuli necessary for their 
normal metabolism. It was suggested by some that the nerve cells 
now were unable to utilize oxygen, and that the real basis of the anes- 
thesia is a local anoxemia. The anoxemia theory is supported by the 
fact that anesthesia is produced by gase.s, such as nitrous oxide, which 
merely displace the circulating oxygen. 

GENBBAL ANESTHESIA 

^^The problem of the general nature of anesthesia is in fact un- 
separable from the wider problem of the nature and conditions of ir- 
ritability in general.^' — ^B. S. Lillie, 1916. 

Anesthesia, the art of rendering persons insensible to pain, may be 
considered one of the greatest advances of the past century. For 
centuries there have been various methods for alleviating suffering 
from wounds and operations, but systematic use of anesthesia dates 
back to 1846 when Morton and Warren demonstrated the use of anes- 
thesia at the Massachusetts General Hospital. The choice of anes* 
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thetic and the technic of administration should conform to the findings 
of the last ten years. 

In the strictest sense of the word, anesthesia means the absence of 
pain. In the more generally accepted interpretation, general anesthesia 
may be defined as a state of unconsciousness accompanied by an ab* 
sence of pain and the abolition of the reflexes. Limited in this man* 
nor, we are able to distinguish between other states of unconsciousness, 
such as sleep, uremia, apoplexy, etc., in which the reflexes may or may 
not remain active and in which the unconsciousness may be partial or 
complete. 

Analgesia is a state of partial anesthesia in which pain is absent, yet 
certain special senses are retained, and the reflexes usually are present 
to a limited degree. 

Amnesia also is a state of partial anesthesia in which the cerebrum 
is affected predominately and forgetfulness and loss of memory are 
characteristic features. 


Stages of Anesthesia 

Inhalation anesthesia is divided into four stages (Quedel). The 
relative duration of these stages is the same for all agents, although 
the time (ether 10 to 30 minutes, chloroform 4 to 12 minutes, nitrous 
oxide 1 to 4 minutes, ethylene 1 to 4 minutes, cyclopropane % to 3 
minutes) to carry anesthesia through them varies. 

First Stage (Stage of Analgesia). — This stage is characterized by 
loss of some pain without loss of consciousness. Mental control is 
progressively depressed. Pain is sufficiently reduced to allow for small 
operations. There is always a danger of entering the second stage 
(delirium) during the operation. 

Second Stage (Stage of Delirium). — This stage represents the period 
of earliest loss of consciousness, with the higher cerebral centers 
abolished, leaving the secondary centers free to run wild. Physical 
violence and cardiac ventricular fibrillation are potential dangers. De* 
liriom may also occur during emergence from anesthesia. Management 
of this stage consists in preanesthetic medication, proper restraint, avoid- 
ance of external stimuli, and a smooth rapid induction of anesthesia. 

Third Stage (Stage of Surgery). — This stage may be divided into 
four planes. (Sm Table VIII.) 

Fourth Stage T Stage of Respiratory Paralysis). — This stage represents 
the beginning of respiratory paralysis, ending in cardiac failure. The 
duration of the stage is short (1 to 2 minutes) in conditions character- 
ized by high metabolic rate and a low oxygen reserve. Even though the 
respiration has stopped, circulation may persist and, with proper treat- 
ment, life may be restored. 

Signs of Anesthesia 

Bespiratiott. — Respiration is a valuable guide in anesthesia. Pre- 
medication and operative technic have a great influence upon respira- 
tory rate and volume during the operation. During the first stage 
respiration is normal, increasing slightly as the lower levels are reach^. 
Dnring the second stage, or stage of delirium, respiration is iriagular. 
The depth of respiration begins to increase in the first plane of the 
third stage, and the rhythm becomes regular. Soon the respiratory 
movements become exaggerated. The respiration in the second plane 
is quite similar to that found in the first plane. The intercostal muscles 
gradually become paralysed in the third plane. This is first evidenced 
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by a pause between inspiration and expiration which gradually becomes 
longer, while inspiration becomes shorter. The inapiration becomes 
gasping, accompanied by a gradual decrease in respiratory Tolume. 
The fourth plane is characterized by a further decrease in respiratory 
volume, ending finally in cessation of respiration. Paralysis of respira^ 
tion marks the fourth stage of anesthesia. 

Eyelid Beflez. — This reflex, which is tested by raising the upper eye- 
lid with the Anger, is absent m the third stage; the lid will not attempt 
to close. 

Eyeball Activity. — The cause of this activity is unknown. The 
character of the movement usually remains the same. The degree of 
activity of the motor muscles is of value, but the type of movement 
is of no value. Cessation of movement marks passage of the second 
phase of the third stage. 

Pupils. — Pupil reactions are variable. Reflex dilatation may occur 
in the first and second stages due to emotional excitement (especially 
seen in children). Reflex dilatation is absent in the third stage. 
Paralytic dilatation occurs in the third stage, and is due to the paralytic 
effect of the anesthetic or anoxia (lack of tissue oxygen). This re- 
action is a guide in anesthesia. Pupillary reactions (see Table VIll) 
are generally modified by premedication. Barbiturates have no effect 
on dilatation. 

Swallowing, Vomiting, Etc. — As anesthesia progresses, swallowing 
(tested by fingers on larynx) occurs at the beginning of the first plane, 
immediately before vomiting. As anesthesia passes off, vomiting may 
then occur after swallowing. Vomiting may occur during slow induc- 
tion, but it is rare during rapid induction, as the vomiting area is 
rapidly passed. The light reflex and the corneal reflex are of little 
value to the anesthetist. 

Pulse Signs. — The pulse is an index of the condition of the patient. 
The rate, rhythm, and most important, it.v volume should be noted. 
During excitement pulse signs are of little value. When relaxation 
is complete the pulse signs are valuable and should be observed care- 
fully. Either the radial or temporal arteries should be observed 
throughout the operation in order to recognize variations in quality. 

The pulse rate will increase from pain stimuli. Certain diseases, 
such as exophthalmic goiter, have rapid pulse rates. A pulse rate of 
140 or over is a danger signal. If the pulse rate increases and the 
volume becomes small, saline administration may be indicated. If the 
volume remains normal or constant, the progress of the anesthetic is ex- 
cellent. 

If the pulse stops completely, artificial respiration should be in- 
stituted at once. If the patient does not respond to artificial respira- 
tion, place him in a prone position and strike the seventh cervical 
vertebra severely with the wrist. This stimulation apparently tends 
to overcome the vagus inhibition. The h 3 rpodermic injection oi 
atropine gr.) has been found valuable in some cases. Massage of 
the heart, when the abdomen is open, may prove of benefit. 

Depths of Anesthesia 

Reflex response to shin traumatism is usually abolished by anesthesia 
in the upper half of the first plane. The posterior pharyngeal reflea 
is inactive below the middle of the first plane. The cough reflex is 
abolished at the junction of tlie first and second planes. Anesthesia at 
the lower border of the second plane abolishes reflex contractions of 
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the abdominal muscles* The anal reflex may not be abolished until the 
fourth plane or lower. Vocal cord adduction, which on expiration pro- 
duces an expiratory grunt,** is abolished in the lower third plane. 
Intestinal peristalsis ceases and arterial walls lose their tone in the lower 
third plane. 

Operations Indicated in the Various Stages of Anesthesia 

First Stage. — Since sufficient opiates cannot be administered, as they 
may increase delirium, obstetric procedures are indicated in the first 
stage. 

Third Stage: Plane I. — Thoracoplasty (desired to retain cough 
reflex), thyroidectomy (little retching and vomiting desired), vaginal 
surgery, cystoscopy, operations on uterine cervix, operations on 
mediastinum (respiratory freedom desired), hemioplasty, tonsillectomy 
(some prefer retention of cough reflex), amputation, fractures, Cesarean 
section (major consideration is to prevent vomiting), etc. 

Plane II. — Surgery of larynx (laryngeal reflex abolished in the upper 
SMond plane), rectal surgery (depends on nature of operation and de- 
cired sphincter flaccidity), abdominal surgery (abdominal reflexes and 
muscles must be relaxed), etc. 

Plane III. — Internal podalic version and extraction (maximum uterine 
relaxation only in third plane), breech extraction (especially until 
breech is broken and foot brought down), etc. 

Relative Potency op Various Ane.stiietic Agents 

Nitrous oxide will carry anesthesia to the middle of the first plane; 
ethylene to llie lower first plane; ether, chloroform, ethyl chloride, 
cyclopropane, divinyl ether through the third stage. 

Man^ drugs possess narcotic, sleep- producing, and/or anesthetic 
properties of varying degree. However, measured on the basis of 
whether the drug, alone, unsupported by other drugs or preliminary 
medication, can produce deep and musculature relaxation suitable for 
any type of surgery, the number is quite low. During the course of an 
average general anesthesia, however, combinations of two, tliree or more 
drugs are more commonly used than a single drug. 

Relative Safety of Anesthesia 

The following data arranged from Trent and Gaster (Ann. Surg. 119: 
954, 1944) gives information on mortality resulting from various types 
of anesthesia: 


ANESTHETIC 

NUMBER OF 
ANESTHESIAS 

anesthetic 

deaths 

NUMBER 
PER 1,000 
anesthesias 

Local 

Ether 

Nitrous oxide 

Nitrous oxide with ether 
C^e^ropane 

Spinal with supplement 

if 

HHEmU 

0 

6 

2 

2 

4 

6 

2 

b 

0.407 

0.295 

0.919 

0.691 

1.100 

2.150 

Total 

54,198 

22 

0.408 
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Drugs Commonly Used for General Anesthesia 


DRUG 

FORMULA 

VOLATILITY 

1. Ether 

(C,H.)aO 

36.5* C. 

2. Chloroform 

CHCl, 

61.0® C. 

3. Nitrous Oxide 

N,0 

- 89® C. 

4. Ethylene 

CA 

-103® C. 

5. Ethyl Chloride 

C,H,C1 

12.5® C. 

0. Cyclopropane 

C,H. 

- 34® C. 

7. Avertin 

CBr.CHjOH 


(Basal Anesthetic) 



8. Divinyl Ether 

(C,H.),0 

28.3® C. 

(Vinethene) 



9. Trichloroethylene 

CHChCCl, 


10. Intravenous Anesthetics 




Thiopental Sodium (Pentothal Sodium^ 
Hexabarbital Soluble (Evipal Sodium) 


Tho formula and the volatility of these agents are of prime impor- 
tance in their electability, their adaptability, and also in their admin- 
istration. Those agents with low volatility make for ease of con- 
trollability and withdrawability. Divinji ether is more volatile than 
diethyl ether, hence its onset is more rapid and the recovery more 
quickly accomplished. Observe also that the ethyl radicle (C,H,) pre- 
dominates in ether, ethyl chloride, and is related to the vinyl formula 
for divinyl ether. 

Ether 

Ether, ethyl oxide (CgH,),0, is a volatile, colorless, light liquid, 
with a penetrating odor. It boils at about 35* C., is denser than air, 
soluble in twelve parts water, and in nine parts of serum. It is a 
solvent for resins, fats, and oils. It is very inflammable and should 
be cautiously employed in the presence of open flame, cautery, etc. 
The chief impurities are acids, acetaldehydes, and peroxides. The 
peroxides are very irritant. ^ 

Pharmacological Action. — Ether is a general anesthetic. It pos- 
sesses stimulant, sedative, anodyne, antispasmodic, carminative, 
diaphoretic, and anthelmintic actions. 

Ether is absorbed at once by the lungs, and half of the ether absorb^ 
is removed in about forty minutes by the same route. A small pa**!^ 
excreted in the urine. Tne rapid initial removal of the anesthetic is of 
great practical value, as it permits the anesthetist to vary the depth of 
the anesthesia rapidly. Absorption by the stomach and rectum is 
prompt, and this route of administration may be utilized for anesthesia. 

Local Action. — Ether, being volatile, has a high vapor tension and 
rapidly dissolves in body fluids. It penetrates the tissues readily and 
causes irritation at the site of application. On evaporation it blanches 
and cools the skin. If applied to the skin, and not allowed to evaporate, 
it is more irritant and is rubefacient. Ether is very irritant to mucous 
membranes, therefore it must be diluted with air when inhaled. 

Action on Nervous System . — After absorption ether acts mainly on 
the central nervous system. It has a special affinity for nervous tissues, 
and after death, more ether is found in the brain than in any other 

^ causes a progressivo depression of the central nervous system. 

The higher centers are first aflfected, then the emotions, the perceptions. 
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the sensory centers, the motor and cerebellar functions, the spinal 
reflexes, and Anally the vital medullary centers. 

Aeium on Bespiration . — Breathing is quickened by reflex stimulation 
from the mouth, stomach, etc. After absorption therapeutic doses have 
little effect, but large doses depress the respiratory center, and may 
result in respiratory paralysis. In Fig. 1 note the depression of respira- 
tion and gradual recovery after ether is removed. 

Aoticn on the Eye , — The pupil is at first dilated refiexly, then with 
increased narcosis it contracts out remains sensitive to light. In deep 
anesthesia it is about half dilated and almost inactive to light. In 
collapse the pupil is dilated and insensitive to light. 

Action on Circulation . — The heart is stimulated by momentary refiex 
stimulation of the vasoconstrictor center, and the force and arterial 
pressure rise. It is a slight effect and is proportional to the local 
irritation produced. 



Fig. pressure, respiration, base line, and time In four-second 

intervals showing action of concentrated ether vapor. (From Jackson: 
Experimental Pharmacology and Materia Medica.) 

The heart muscle may be temporarily stimulated, but after long 
anesthesia it becomes weakened. With therapeutic doses of ether there 
may be a rise in blood pressure for about fifteen minutes, and then a 
sli^t lowering to normal or below normal. The heart rate is somewhat 
Increased, and there is marked flushing due to cutaneous vessel dilatation. 

Action on the Blood . — Ether produces acidosis with an increased con- 
tent of sugar, lactic acid, and poosphates in the blood. The coagulation 
time is lesseiiM. The oxygen-carrying capacity is not reduced. 

Action on the Alimentary Tract . — ^Ether causes a burning, unpleasant 
taste, irritates the mucous membranes, and causes salivation. It may 
cause vomiting if swallowed. If diluted it acts as a carminative and 
tends to expel gas and relieves the svmptoms of a distended stomach 
pressing upon tM heart. Poring anesthem there is a lack of tone in the 




DRUGS ACTING ON TH^ CENTRAL NERVOUS SYSTEM 819 


museles of the stomach and bowels, while on recovery they become hyper- 
irritant. 

Miscellaneous Actions , — There may be a transient impairment of liver 
function followed by hj^rglycemia. The pregnant uterus becomes less 
active. Under anesthesia kidney function is decreased by arteriole con- 
traction. Albumin is frequently noticed in the urine. 

Toxicology. — Most fatal cases of ether occur during its administra- 
tion as an anesthetic. Ether is a relatively safe general anesthetic, 
death from its use occurring less frequently than once in every 2,000 
anesthesias (Trent and Gaster, 1944). Other data has shown the safety 
factor to be still higher (1 to 5,000 or 10,000). Sometimes it is taken 
orally or by inhalation for suicidal purpose. Ether is habit- forming; a 
few individuals swallow small amounts regularly. 

The danger signals of overdosage of ether consist of pupil dilatation 
and changed facial expression. Usually, death is caused by respira- 
tory paralysis with associated involvement of circulation; however, 
death may occur from the reflex irritation of the respiratory pas- 
sages. Surgical anesthesia requires nearly a 7 per cent concentration 
in air, while a depressing effect is produced by a 9 per cent concentra- 
tion and an 11 per cent concentration may cause respiratory paralysis. 
When ingested, a fluidounce may be sufficient to cause death. The post- 
mortem findings are not characteristic. 

Ether has less depressant action upon the medullary centers than has 
chloroform. It produces a less marked fall in blood pressure and less 
depression of respiration than does chloroform. Delayed ether poisoning 
is rare, but some liver and kidney injury is produced, since acetone and 
diacetic acid appear in the urine after anesthesia in 50 per cent of the 
cases. Albumin and casts are present in 25 per cent of the cases. 

Treat symptoms of ether poisoning by removing patient to fresh air, 
by administering artifleial respiration, b^ injection of adrenalin (1 cc. 
of 1:1,000), and if indicated, by rectal infusion of saline. Administer 
stimulants such as caffeine. 

Therapeutic Uses. — Ether is seldom prescribed as such. The spirit 
of ether is recommended, and is either prescribed alone or with other 
agents. 

Surgery , — Ether is used as a general anesthetic in surgery. Locally, 
it is employed to cleanse the skin preliminary to surgery. For anes- 
thesia a pure ether must be used. 

Anodyne, Sedative, Etc . — Ether is occasionally administered internally, 
particularly in the form of the spirit, as an anodyne, carminative, seda- 
tive, and antispasmodic. It may be mixed with oil and administered 
by rectum (use 4 cc. of the spirit, 32.5%). 

Angina Pectoris. — Ether, acting by reflex effect upon the circulation, 
relieves angina pectoris (use 4 cc. of the compound spirit, containing 
32.5% ether, 2.5% ethereal oil). 

Spasms , — Ether is administered to relieve spasms in colic, spasmodic 
hiccup, etc. (use 2 to 4 cc. of the compound spirit). 

Ether as an Anesthetic 

Ether was the first anesthetic to come into extensive use. It remains 
and probably will remain for many years to come our most useful an- 
esthetic agent. It is susceptible to manv adaptations and combinations 
and is the one reliable standard by which all other agents, methods, and 
results are judged. 

Advantages , — It may be given by people of minimal experience 
with satisfactory and safe results. It may bo given with little or no 
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expenaive apparatus. Anesthesia is rapid. Complete relaxation re- 
suits. The safety factor is high. 

JLHsadvantages . — Ether is irritant to the^ mucous membranes and 
causes increased saliva and bronchial secretions. In light anesthesia 
this may lead to retching and vomiting. Post-anesthetic pulmonary 
complications are more frequent with ether. Transient albuminuria 
is common, indicating mild renal damage. Consequently, ether is 
often used with other anesthetics to limit the dose of ether necessary. 

Contraindications , — Ether is contraindicated in pulmonary lesions. 
Even when given by rectum some ether is eliminated by the lungs and 
leads to exacerbation of a pre-existing disease. Diabetes is a contra- 
indication, as the blood sugar is raised and acidosis augmented. Renal 
damage contraindicates ether anesthesia, as ether may injure a norma) 
kidney. 

Phases of Anesthesia . — The induction of ether anesthesia is usually un- 
pleasant. Over-concentration of the vapor may cause coughing, respira- 
tory spasm, and a sense of suffocation. On administration of ethei 
there is a stage of excitement indicated by struggling and slight dilata- 
tion of the pupils. As anesthesia deepens, the pupils contract and lose 
their reactivity to light. The eyeballs, which have been oscillating, be- 
come fixed. At the same time breathing, which was irregular in the ex- 
citement stage, becomes deep and sonorous. In verv deep surgical anes- 
thesia, bordering on narcosis, respiration becomes shallow and irregular, 
the eyeballs jerk and pupils dilate. Respiration may cease. 

Administration of Ether. — Ether is administered chiefly by the 
inhalation or the insufflation methods. It is also possible, however, to 
induce and maintain anesthesia by injection of ether in a suitable solu- 
tion into the rectum. Another type of administration may be used for 
anesthetics, that is, to introduce the anesthetic into the circulation of the 
patient by way of the vein. Intravenous administration, however, is un- 
safe and rarely used. 

, Inhalation anesthesia consists of substituting ether vapor for the 
air normally used by the patient. This vapor may be administered 
by oral inhalation, by intrapharyngeal inhalation, or by intratracheal 
inhalation. 

Insufflation anesthesia consists of blowing ether vapor into the 
patient’s respiratory tract. When blown into the mouth the method is 
called oral insufflation; if blown into the trachea, intratracheal insuffla- 
tion; if in the pharynx, intrapharyngeal insufflation. 

The inhalation method is simple and requires little apparatus. It is 
usually the method of choice. The insufflation method requires a certain 
amount of complicated apparatus for best results. It is used only after 
induction by inhalation. It is an ideal method for surgery about 
the head, neck, and thorax. 

A detailed discussion of the methods of administration of anes- 
thetice would be inappropriate in a text of this size. The method of 
administration and the anesthetic agent must depend upon the type 
of operation to be performed and the age and condition of the 
patient. Ether may be administered as follows: 

Open Drop Method.-— The simplest method is to drop ether on a mask 
ma^ of gauze stretched over a wire frame. It requires eight to ten 
minutes to obtain complete anesthesia. This method requires 90 to 120 
ee. of ether per hour to maintain relaxation. 

Closed Method . — For this method more elaborate apparatus is needed 
by which air or other gases are bubbled through ether and delivered 
to the patient throuj^ a tigh^fitting mask. It may be given in an 
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ordinary gas machine after a nitrous oxide induction. It is frequently 
used to supplement ethylene ,to obtain more complete relaxation. 

Insufflation.-^Yor certain operations about the head the insufflation 
method is indicated. After induction in the usual way an endotracheal 
tube is inserted and ether vapor is delivered directly into the trachea 
or pharynx. 

Rectal Route . — This method is efficient but depth of narcosis is diffi- 
cult to control. The following formula has been suggested by McCormick 
for analgesia in obstetrical cases: 


Ether 75.0 cc. 

Quinine alkaloid 1.3 Gm. 

Alcohol 3.0 cc. 

Paraldehyde 8.0 cc. 

Olive oil or petrolatum q.s. 120.0 cc. 


Preparations 

Ether, Aether, U.S.P.. B.P. 

Ethyl Oxide, Aethylis Ozidum, U.S.P. (Solvent ether). About 97 per 
cent (C,H,),0. Caution. — Solvent ether must not be used for 
anesthesia. Only ether may be used for anesthetic purposes. 
Ether Spirit, Spiritus Aetheris, N.P., B.P. (Hoffmann’s Drops), Ethyl 
oxide (32.59i:) in alcohol. Dosage: 4 cc. (1 fluidrachm). 
(’ompound Ether Spirit, Spiritus Aetheris Compositus, N.F, (Hoff- 
mann’s Anodyne). Ethyl oxide (32.5%), ethereal oil (2.5%), 
and alcohol. Dosage: 4 cc. (1 flui(irachm). 

Ohlorofoirm 

Chloroform, CHC1„ is a clear, colorless, noncombustible, volatile 
liquid, with a pleasant odor. It may deteriorate on standing, forming 
free hydrochloric acid, chlorine, and carbonyl chloride (COCli). The 
presence of alcohol prevents decomposition. Chloroform differs widely 
from the other anesthetics in that it does not have the ethyl radicle 
in its composition and in that the molecule contains three atoms of 
the halogen Cl. In any combination or agent the addition of the 
halogens — Cl or Br — markedly increases the potency, the toxicity of 
that particular agent. 

Chloroform was discovered by Guthrie in 1831. It was used as a 
general anesthetic by Simpson of Scotland in 1847, some months after 
the discovery of ethyl chloride by Florens. 

Pharmacological Actioxi. — Chloroform possesses general anesthetic, 
sedative, antispasmodic, anodyne, carminative, and rubefacient 
actions. 

It is absorbed almost instantly by the lungs, and is rapidly excreted 
by the lungs. The liver pla^ an important part in detoxifying chloro- 
form. Cbloroform, like ether, le a general protoplasmic i>oison. It 
tends to burn the skin as it evaporates. It causes a progressive depres- 
sion of the central nervous system, attacking the higher centers first. 
The respiratory system is greatly depressed. Chloroform is more toxic 
than ether to circulation, causing a fall of blood pressure (Fig. 2) due 
to vasomotor depression. Slight errors in administration may cause 
arrest of the heart due to vagus stimulation, asphyxia, fibrillation, or to 
direct action on the cardiac muscle. The vasoconstrictor center is 
slightly irritated and then depressed. Chloroform has little direct 
effect on bl^ vessels. 
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Toadcology. — Ckloroform la extremely tozio to young children Ai 
a protoplasmic poison the evil effects of chloroform may not become 
evident until some time after administration. These late effects are 
known as * delayed chloroform poisoning.’^ The symptoms include 
progressive weakness, cyanosis, pi^or, restlessness, vomiting, delirium, 
coma, and death. The organs principally affected are the liver and 
kidneys. The pathologic picture is that of congestion, hemorrhage, 
degeneration, and central necrosis. The heart muscle may be p^e 
and show signs of fatty degeneration. Hemorrhages are particularly 
frequent in the serous membranes, and in the intestinal and stomach 
mucosae. 



S.-j'Effect of concentrated chloroform vapors on respiration (de* 
presiJon of ^e respiratory center) and on blood pressure (<me mainly to 
(From Jackson: BmpeHmental Phwrmaco^gyamd 


Causes of Death in Chlobofobh Anesthesia. — 

1. Spasm of respiration may occur during the induction stage. The 

r uns may allow for accumulation of chloroform which on reUef of 
condition di^harges a lethal dose, causing death. 

2. Vagus inhibition, followed by paralysis of the heart muscle, may 
occur in the induction stage. This is more liable to occur in nervous 
individuals. 

3. Simple overdosage may cause death in maintenance stage. 

A Progressive ^ may cause death during the stage of recovery. 
5. ^^Delayed chloroform poisoning” may be followed by death. 

naffaptnUe 1JBeB.--Pure chloroform is indicated for inhalation 
anesthesia. Chloroform water is sometimes used as a vehicle in the 
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administration of sedatives, carminatives, etc. Chloroform spirit may 
be used alone or with other agents. 

Q^neraX Anesthetie, — Bj inhalation it is used as a general anesthetic. 
At one time it was widely used for this purpose, but has be«i gradually 
replaced by safer agents. 

Ether may be administered mixed with chloroform (ether 3 parts — 
chloroform 2 parts) or the drugs may be given alternately by the drop 
method. The proportion of chloroform for induction may be about 40 
per cent and this is gradually decreased as ^e stage of maintenance is 
reach^. The addition of ether reduces the chance of circulatory de- 
pression and improves the quality of respiration. 

Cou/nter%rriiant » — Chloroform acts locally as a penetrating and power- 
ful irritant. It is an ingredient of liniments used for sprains, strains, 
and various other conditions. 

Anodyne, Carminative, and Antihysterio , — If taken orally, small doses 
of chloroform are carminative and anod 3 me; it is therefore indicated 
in gastric fermentation and colic. By mouth it is used also in the treat- 
ment of acute indigestion, nausea and dysentery. For carminative, use 
2 cc. of the spirit of chloroform. It is still very commonly used to pro- 
duce partial anesthesia in labor when the patient is delivered in the 
home. 


Chloroform as an Anesthetic 

Chloroform is a powerful anesthetic, rapidly producing muscular 
relaxation with loss of reflexes. Even though potentially dangerous, 
chloroform is a marvelous analgesic and anesthetic agent. Chloroform 
is especially useful in acute respiratory conditions in small children and 
in analgesia in normal labor. Chloroform combines readily with ether, 
and synergistically with the several gaseous agents. No anesthetic 
agent surpasses and few approach chloroform in efficacy and potency, 
^me anesthetists are not in agreement with the condemnation heap^ 
on chloroform anesthesia by the American Medical Association in 1912. 
Further exploration of the clinical application of chloroform should be 
pursued. 

Indioatione , — Chloroform is used to replace ether when cautery is 
used; in alcoholics; in patients with convulsions, epilepsy, high blood 
pressure, and in obese persons. Patients should be placed in Tren- 
delenburg position. 

Coniratndications. — Chloroform is contraindicated in patients with 
diabetes, hypotension, or cardiac disease; in prolonged operations; in 
dental or minor surgery. It should not be administered to patients in a 
sitting posture, or in the presence of an open flame (phosgene). 

Preparations 

Chloroform, Chloroformum, U.S.P., B.P. 

Chloroform Water, Aqua Chloroformi, N.F,, B.P. A saturated solution 
of chloroform in dbtilled water. Dosage: 15 ce. (4 fluidrachms). 
Chloroform Liniment, Linimenium Chloroformi, U.S.P., B.P. A mixture 
of chloroform (30%) and soap liniment and camphor. 

Chloroform Spirit, Spiritus Chloroformi, N.F., B.P. Chloroform (6%) 
in alcohol. Dosage: 2 cc. (30 minims). 

Nitrous Oxide 

Nitrous oxide, ^Haughing gas,” is a colorless gas, possessing a char- 
acteristic odor and sweetish taste. It is nonirritating to the respira* 
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tory tract. The boiling point of liquid nitrous oxide is -89.5® C. Its 
chief impurity is toxic nitric oxide. It forms an explosive mixture 
with ether or ethylene. 

Phaimacological Action. — With nitrous oxide alone^ only incomplete 
anesthesia can be obtained. The length of the administration is 
limited by its effect on the body. 

Action of Nitrons Oxide , — On breathing nitrous oxide the patient 
experiences a sense of exhilaration, the extremities tingle and rapidly 
grow numb. Bespiration becomes full and deep (Fig. 3). Conscious- 
ness is lost in about thirty seconds. If administration is continued, air 
and oxygen being excluded, the patient becomes pallid and gray. The 
muscles of the face are thrown into convulsions; the respiratory move 
ments become irregular and Anally cease. On administration of air 
normal respirations return and consciousness returns in about two 
minutes. 



Fix* 3. — ^Effect of nitrous oxide on respiration. The respiration at once 
becomes deeper and more rapid. ( From Jackson : Experimental Pharma* 
oology and Materia Medica.) 

Mode of Action of Nitrous Oxide. — Nitrous oxide differs in its 
chemistry from all other agents. Extremely volatile, it is also extremely 
rapid in its effect. It is pleasant to inhale. It does not enter into 
chemical combination with any body tissue or fluid, entering and 
leaving the blood stream as such. It is strictly a sub-oxygenation an- 
esthesia, and most unfortunately, it does not relax muscle tissue per se. 

Nitrons Oxide as an Anesthetic 

The anesthetic properties of nitrous oxide were known before 
those of ether. Its extensive use in surgery is of more recent develop- 
ment. It supports combustion and care must he exercised to prevent 
explosions of nitrous oxide and oxygen. The gas is quite inert and 
forms no Itnown combination with the body colls. It apparently 
owes its anesthetic property to its ability to displace oxygen from 
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the blood stream. Nitrous oxide is readily eliminated when the pres- 
sure of nitrous oxide in the pulmonary alveoli is reduced. The factor 
of hasty absorption and Elimination makes possible rapid induction 
and rapid recovery from nitrous oxide anesthesia. 

Nitrous oxide finds its greatest use as a preliminary to other 
anesthetics which have greater effect, and in cases for which the 
analgesic property is wanted. 

Nitrous oxide has been administered hundreds of thousands of times 
tx) a degree of partial asphyxia. Many dentists make this mistake 
in administering nitrous oxide. One should use shorter anesthesia, 
or add oxygen to the mixture. 

Methods of Administration. — 

1. Use op Nitrous Oxide to Induce Ether Anesthesia. — ^This 
method is common in large hospitals. The advantages are: (1) produc- 
tion of unconsciousness, (2) mucous membranes become less sensitive 
to ether vapor, and (3) production of deep breathing which permits 
rapid ether anesthesia. 

2. Use op Nitrous Oxide Alone. — This is especially indicated for the 
extraction of teeth, opening of abscesses, and minor surface operations. 
It has a valuable use in obstetrics when given with each pain of labor; 
when the head has reached the perineum, continuous administration 
is indicated. 

3. Use op Nitrous Oxide-Oxyoen Anesthesia. — This method de- 
pends on a mixture of nitrous oxide and oxygen for anesthesia. For 
complete anesthesia, 90 per cent nitrous oxide and 10 per cent oxygen 
result in no asphyxia. If air of air being oxygen) is used in place 
of 10 per cent oxygen the patient will show signs of asphyxia. The 
problem is to give nitrous oxide in sufficient concentration to produce 
anesthesia and still not produce asphyxia. 

The signs and symptoms of nitrous oxide-oxygen anesthesia change 
fast. The color of the patient is the most reliable index of the amount 
of oxygen needed. Next, the respiration is the most valuable sign. Dur- 
ing induction the respirations are usually more rapid and deeper than 
normal, while during maintenance the rhythm and depth of respiration, 
in conjunction with the color, form the chief guide for the anesthetist. 
Absolute muscular relaxation is impossible with nitrous oxide-oxygen 
anesthesia. A slow pulse, less than fifty, is a danger sign. During the 
maintenance stage the light reflex is active, the pupils are contracted and 
the palpebral and corneal reflexes are active. This anesthesia is very 
difficult to administer, but when administered properly it is a methoil 
par excellence. 

4. Use ok Nitrous Oxide-Ether Anesthesia. — The addition of ether 
to nitrous oxide-oxygen increases the efficiency and the muscular relaxa- 
tion. When ether is used properly with nitrous oxide-oxygen, it is an 
excellent and perhaps the best all-round method of anesthesia at our 
command. For relaxation more ether is used. 

Method , — Administer a hypodermic of morphine, % grain, and 
atropine, grain, one-half hour before operation. 

Induction by nitrous oxide or nitrous oxide-oxygen. 

For operations requiring complete muscular relaxation (intra* 
abdominal, gall bladder) administer ether alone. 

For intestinal work stop ether and administer nitrous oxide-oxygen. 

Toward the end of the operation use nitrous oxide-oxygen alone. 

No after-symptoms follow this method of anesthesia administration. 
It produces complete relaxation, is easily controlled, and is safe. 
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Administratum , — Nitrous oxide is given by an ordinary gM machine 
and a close-fitting mask. The gas valves are set so that there is approxi- 
mately a 10 per cent mixture of oxygen in nitrous oxide. If cyanosis 
occurs, the percentage of oxygen is raised. Prolonged anesthesia is 
dangerous in unskilled hands because in order to produce full anesthesia 
it is necessary to cut down the oxygen supply to the . minimum com- 
patible with life. 

Advantages , — Nitrous oxide does not irritate mucous membranes. The 
gas is a s^e, pleasant method of anesthesia. It produces less disturb- 
ance of the vital functions than do other forms of anesthesia. In the 
hands of an experienced anesthetist it induces little postoperative nausea 
and vomiting. There is little danger of overdosage. The mortality 
is about one per million. 

Disadvantages , — Nitrous oxide usually gives an initial increase of 
blood pressure and pulse rate, but otherwise has little effect upon the 
circulatory system. It is contraindicated for abdominal operations and 
for the setting of fractures because it produces an incomplete muscular 
relaxation. Nitrous oxide is chiefly used in adults. The disadvantage 
of incomplete relaxation may be overcome by the simultaneous admin- 
istration of ether. 

Preparation 

Nitrous Oxide, Oxidw/n Xitrosum, U.S.P. (Nitrogenii Monoxidum, B.P.). 

Ethylene 

Ethylene, CH,:CHs, is a colorless ^s which is lighter than air. 
The gas has a faintly disagreeable garliclike odor; in the pure state it 
is said to be odorless. It is inflammable and will not support combus- 
tion. With air, oxygen, or nitrous oxide, it forms explosive mixtures. 

Brown and Henderson and also Luckhardt showed that ethylene was 
a more powerful anesthetic than nitrous oxide, and that a concentra- 
tion of 90 per cent ethylene and 10 per cent oxygen usually produces 
sufficient relaxation for all but abdominal operations. 

Trials on human subjects have demonstrated that the first plane of 
surgical anesthesia is easily attained and analgesia comes on readily 
and apparently long before surgical anesthesia is established. Admin- 
istered with oxygen, it has been found more powerful than nitrous oxide 
and in many instances as effective as ether. However, unlike ether it 
causes minimal respiratory irritation and does not promote mucus secre- 
tion. 

Dosage: For use the gas is passed into an inhalation apparatus and 
then inhaled with admixture of oxygen. The concentration employed 
for surgical anesthesia is never in excess of 90 per cent ethylene with 
10 per cent oxygen. After induction, maintenance may often be at- 
tained with 80 per cent or less ethylene. If premedication (morphine, 
barbital) has b^n administered less ethylene and more oxygen are in- 
dicated. 

Use of Btliylene and Oxygen. — When this mixture is administered 
the action of ethylene is rapid, the period of excitement is absent, 
and muscular relaxation rapidly .follows. The signs and symptoms 
resemble those of nitrous oxide. A lower percentage of oxygen is 
required and fewer respiratoiy difficulties occur. After-effects are 
negligible other than an occasional nausea resulting from the odor 
of ethylene. 

TFio of Wtgiism Following Nitrons Oxide-Oxygon.-— Ethylene is 
added when nitrons oxide-oxygen is insufficient for the task. Nitrons 
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oxide is used for the induction; when consciousness is lost, ethylene 
is substituted for nitrous oxide and may be continued to the end of the 
operation. Nitrous oxide may be administered toward the end of the 
operation to wash out the ethylene. 

Advantages of Ethylene . — 

1. During induction there is less excitement than with nitrons oxide- 
oxygen. 

2. Anesthesia is easily maintained. 

3. There is no irritation of mucous membranes. 

4. Muscular relaxation is greater than with nitrous oxide-oxygen. 

5. No premedication is indicated. 

6. Ethylene is very satisfactory for infants, children, and the aged. 

7. There is less disturbance of vital functions than with other 
anesthetic drugs. 

8. Little danger of overdosage. 

9. Useful in thyrotoxicosis and diabetes. 

Disadvantages of Ethylene . — 

1. Ethylene is explosive and the commercial gas possesses a dis- 
agreeable odor. 

2. It is contraindicated in upper abdominal surgery, i.e., gall-bladder 
and stomach operations. 

3. Ethylene is not safe for operative obstetrics. Full-term babies in 
utero are more sensitive to this gas than are the mothers. 

4. Ethylene is unsatisfactory for patients in the Trendelenburg 
position. 

5. Bleeding is greater under ethylene anesthesia than under ether. 

PaXPARATION 

Ethylene, Aethylenum, U.8.P., B.P. Caution: Inflammable, a mixture 
with air will explode. 


Ethyl Chloride 

Ethyl chloride, C,H,C], is a gas which boils at 12,5* C. It evapo- 
rates so rapidly that by virtue of this property it freezes the sur- 
rounding tissues and induces enough local anesthesia to serve for 
simple operations. The drug may also be administered by inhalation 
as a general anesthetic. 

This anesthetic is useful in: (1) the induction of anesthesia, i.e., 
as a preliminary to ether anesthesia to destroy consciousness; (2) in- 
complete anesthesia, i.e., that type of anesthesia without the maintenance 
stage. This stage goes a little further than the induction stage, ap* 
proachiug the stage of relaxation. (3) In local anesthesia it may be 
used as a spray. ^ Chapter XIV. 

Admlnistrat^iL 1. For Induction of Anesthesia . — Ethyl chloride may 
be administered by the semi-open or closed method. In the senU^pen 
method the teeth are properly held apart and after the mask is adjusted 
ethyl chloride is careniUy sprayed on the mask. Administration is con- 
tinued until consciousness is lost, then ether is administered. 

. In the dosed method the patient is allowed to breath naturally in a 
rebreattog l^g. Ethyl chloride is sprayed slowly into the bag, not more 
than 4 cc. in lul being administered. 

2. For Incomplete Anesthesia , — The object is to produce a depth of 
anesthesia to the point where there is an absence of lid reflex, deep and 
involuntary respirations, and a decrease of excitement. Do not go to the 
stage of loss of corneal reflex and a dilated pupil. 
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The toxie actions of ethyl chloride consist of a depressing effect on the 
central nervous system, a derangement of the conduction of the cardiac 
muscle, and the production of myocardial weakness. When ethyl chloride 
is administered, consciousness is rapidly lost In overdosage it is as 
fatal as chloroform. Masseteric spasms may often follow its use; there* 
fore, a cork should be placed between the patient ’s teeth before adminis- 
tration. Embly found that it produces a less toxic action upon the 
heart than chloroform. Its administration is often followed immediately, 
or delayed for five or six hours, by headache, nausea, and vomiting. 
Connell says that severe headache, nausea and vomiting, severe prostra* 
tion and *^a delayed collapse have added a number of fatalities to the 
score of this anesthetic. ’ ' 

Ethyl chloride is frequently used in place of nitrous oxide but 
such a use is unjustifiable. T. D. Luke says, '^The idea has gotten 
about among a large number of both the medical and dental pro* 
fession that ethyl chloride is sort of a glorified nitrous oxide, which 
one may carry about in one’s waistcoat pocket and administer to all 
and sundry, without any special precaution or skill on the part of the 
administrator. . . . Nothing further from the facts could be imagined. 

. . • Its highly toxic character and the danger due to the great rapidity 
of its action should be fully recognized as well as its admirable 
properties as an adjuvant to chloroform and ether.” 

Indicatioiis. — Ethyl chloride acts well in anesthetizing children. 
It may be used for short operations, such as the removal of tonsils 
and adenoids, dental cases, and as an introduction to ether. It is 
contraindicated in long operations and in operations in which com- 
plete relaxation is required. The anesthetist should anticipate the 
dangers of this drug: mainly, asphyxiation due to spnsm of the 
respiratory tract, and secondly, overdosage. 

Preparation 

Ethyl Chloride, AethyHs Chloridvm, U.8.P., B.P. — C*II#('l. 

Cyclopropane 

Cyclopropane, a recently introduced gaseous general anesthetic, 
is an isomer of propylene and possesses the following formula 
CH, 

/\ , It is explosive in anesthetic concentration of less than 

H,C— CH, 

15 per cent, hence it presents a greater fire hazard than ethylene. It 
is heavier than air, 1.46, and thus tends to fiow to the floor. The gas 
in high concentrations readily diffuses through and destroys rubber. 

The gas was first proposed by Henderson and Lucas (1920) as a 
promising anesthetic. The clinical use was well established by 
Waters and Schmidt (1934), and Bourne (1934). 

Cyclopropane as an Anestlietic 

Cyclopropane has more or less replaced ethylene as an anesthetic 
because of smoother induction and greater muscular relaxation. More- 
over, it can be combined with a high percenta^ of oxy^n and still 
maintain adequate anesthesia. It should be administered with great 
caution. During induction careful attention should be paid to the 
pulse and respiration. Any sign of arrhythmia or change in respira- 
tion is a danger signal of great importance. Muscular relaxation is 
much better than with nitrous oxide, although not as complete as 
with ether. 
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Cyclopropane differs from other gaseous anesthetic agents in that a 
low percentage of anesthetic agent (cyclopropane, 15 to 40%) is used 
with a high percentage of oxygen (60 to 85%). The high percentage 
of oxygen is an advantage. There is evidence to indicate that the 
cyclopropane diffuses about twice as fast as ethylene. It is eliminated 
less rapidly than ethylene but much faster than ether. Thus induction 
and recovery with cyclopropane are slower than with ethylene but more 
rapid than with ether. 

Cyclopropane is said to affect the autonomic nervous system to a 
greater de^ee than ether or chloroform. In high concentrations it raises 
the irritability of the heart and predisposes to the occurrence of cardiac 
arrhythmias. This effect is accentuated by the simultaneous use of 
epinephrine and related compounds. Cyclopropane does not stimulate 
respiration, hence preoperative sedation with respiratory depressants 
must be employed with caution. The signs of Guedel (see Table VIII) 
for other anesthetic agents do not apply to cyclopropane, so familiarity 
with the particular signs and symptoms of cyclopropane is essential. 

Cyclopropane is indicated for use as a general anesthetic for all kinds 
of operations. It has been recommended especially in obstetrics. It 
should be administered only by a trained anesthetist. 

Administration. — Owing to the cost of cyclopropane, its administra- 
tion must be carried out with carbon dioxide absorption technic to save 
the gas. A scale for volume mensuration of both oxygen and cyclo- 
propane is essential. 

Dosage , — In use the gas is passed into an inhalation apparatus of 
the closed circuit type and is then administered by inhalation from a 
rebreathing bag, usually with the admixture of oxygen. The concentra- 
tion employed varies from 15 to 40 per cent. However, the concentra- 
tion probably should not exceed 30 per cent. The remainder of the 
mixture should consist of a minimum of 20 per cent oxygen. Less 
cyclopropane is required when other anesthetics are used in combination 
or when premedication has been employed. 

Premedication is not necessary. Some advise the use of one-half dose 
of morphine and an ordinary dose of hyoscine; others prefer the use 
of avertin. Induction is attained by the use of from 13 to 23 per cent. 
There is salivation if the gas is pushed, and stridor may develop. Due 
to the high percentage of oxygen used, cyanosis does not appear as a 
consequence of depressed respiration. 

Maintenance is attained at from 7.5 to 13 per cent concentration. 
During the maintenance stage respiration is quiet and shallow. The deep 
reflexes are active. Slowing of the pulse below sixty is a danger signal 
of utmost importance. An irregular or rapid rhythm is an indication 
to stop the gas. The signs of anesthesia are valuable guides and 
should 1)6 observed closely. Recovery is rather slow, taking usually from 
one to three minutes. 

Its outstanding advantage is that it is nonirritant and, owing to 
the low concentration at which it need be used, asphyxia does not 
arise. There are less postoperative nausea and pulmonary complica- 
tions following its* use. 

The disadvantages of the compound are that it is explosive, it de- 
presses respiration, there is difliculty in detection of planes of anes- 
thesia, it has a tendency to produce cardiac arrhythmias, and, like ether, 
it causes a rise in blood pressure. There is an occasional danger of 
atelectasis through reduced pulmonary ventilation. High concentrations 
may cause lung collapse in prolonged laryngeal spasm* Postoperative 
excitement is occasionally experienced following its use. 
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With ragard to its use as an anesthetic, Dr. L. F. Slese (1937) says 
* * . . . while it has certain disadTantas^s, and considerably more investiga* 
tion, particularly of its effect on itie circulatory system, is needed, it 
more nearly approaches the ideal inhalation anesthetic than any other 
drug which is available at the present time.*’ 

Preparation 

Cyclopropane, Cyclopropanum, U.S.P. 

Caution. — Cyclopropane is inflammable and its mixture with oxygen 
in air will explode when brought in contact with a dame or an electric 
spark. 

Tribromoethanol (Avertin) 

Tribromoethanol, or avertin (CBr,CH,OH), has become popular 
as a basal anesthetic. Its usefulness, however, should not be pushed 
beyond the needs for basal anesthesia only. It was introduced in 1928 
as a general anesthetic but now is considered as probably the best of our 
basal anesthetics. Many fatalities attended its use as a general an- 
esthetic. 

Tribromoethanol is a white solid, soluble with difficulty in water (3% 
at 40* C.). Heating may cause it to break down to an irritant di* 
bronmcetylaldehyde which causes violent rectal irritation. In order to 
avoid this danger avertin is supplied in solution in amylene hydrate, and 
this avertin fluid” readily dissolves in water; 1 cc. of avertin fluid 
contains 1 gram of avertin. 

With rectal injection of tribromoethanol, 50 per cent may be oh- 
sorbed in ten minutes, 75 per cent in twenty-five minutes, and the 
remainder slowly (Speigel, 1930). Absorption is said to be valuable 
and the quicker the drug is absorbed the greater is its narcotic action. 
For this reason a correct technic of administration is necessary. 

Tribromoethanol is detoxified in the liver when it is combined with 
glycuronic acid to form urobromic acid, which is rapidly excreted by 
the kidneys. Seventy to eighty per cent is said to be excreted in the 
urine in thirty minutes. The drug may injure the liver and kidneys 
and, in general, the toxic effects resemble the effects produced by chloro- 
form. 

Tribromoethanol as an Anesthetic 

Tribromoethanol is rapidly absorbed from the rectum and produces 
narcosis in fifteen minutes. Approximately 50 to 60 mg. per Kg. body 
weight produces drowsiness, amnesia, and sleep. Seventy to 80 mg. per 
Kg. body weight produces unconsciousness and analgesia. The condition 
resembles normal sleep of several hours’ duration. The pulse is slow 
and respiration becomes deeper and slower. Muscular relaxation is 
very good. The patient should be watched to prevent swallowing his 
tongue. Avertin, in safe dosage, produces incomplete analgesia and 
should be supplemented by procaine, ether, or nitrous oxide. 

Toxic dows produce severe respiratory and circulatory depression 
with ey^osis. Carbon dioxide and oxygen are indicated to stimulate 
respiration, and strychnine or picrotoxin, to counteract medullary de- 
preimoii. Ephedrine, caffeine, and oxygen therapy are said to be ef- 
fective antidotes against respiratory and surgical aepression. 

A&nMttrMiM and Donagn.—Knrtin ia indicated aa a 
thetie. Avertin with ainjrlene hydrate ia aaid to be uaeful in the control 
of eertain emvnlaion% aneb aa tetanua. The eontnindicattons include 
liver and Udn^ diaeaee^ aevere eardiae diaeaae, old age, chock or do- 
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hydration, sepsis, toxemias, pulmonary disease, marked hypothyroidism, 
obesity, asthenia, ileus, enteptis, and acidosis. 

Avertin^ with amylene hydrate is administered rectally in 2.5 per 
cent solution in warm distilled water (40® C.). The ordinary maximum 
dose for basal anesthesia is 80 mg. of avertin (40 mg. of amylene hy- 
drate)^ per Kg. of body weight. Often less drug is sufficient. The 
drug is usually stated in milligrams of avertin component although 
amylene hydrate adds materially to the narcotic effect. The total 
amount administered should not exceed from 6 to 8 cc. of avertin with 
amylene hydrate for women, or from 9 to 10 cc. for men. Avertin has 
a narrow index of safety and should be used with caution in selected 
cases and not as a routine (Flagg, 1939). 

Preparations 

Tribromoethanol, Trihromoaethanol, U.S.P. Dosage: Rectal (for each 
Kg. of body weight) GO mg. (1 grain). 

Tribromoethanol Solution, Liquor Trihromoaethanolis, Solution of tri- 
bromoethanol in amylene hydrate, U.S.P. Dosage: Rectal, for 
each Kg. of body weight, 0.06 cc. (1 minim). 

Vinyl Ether (Divinyl Oxide) 

Vinyl ether, di vinyl oxide, CHjtCHOCHiCHj, is a clear, color- 
less, volatile liquid, with an odor like that of gasoline. It is more 
readily volatile than ether, and is equally inflammable and explosive. 
Since it decomposes in light it must be kept in a dark place. The 
low boiling point (28-31® C.) favors its quick action and rapid re- 
covery. Vinyl ether has a wide margin of safety. A very low 
concentration is nece.ssary for anesthesia, thus greater care in its ad- 
ministration must be taken to prevent overdosage. 

With vinyl ether it is easy to pass from the level of surgical anesthesia 
to dangerous overdosage, therefore close observation on the part of the 
anesthetist cannot be overemphasized. Continuous administration is 
indicated during maintenance. Recovery is rapid following withdrawal 
of the drug and the patient is completely oriented and ambulant within 
a few minutes. It is important to remember that the eye signs are 
unreliable with vinyl ether. The most important guide is the rate, 
depth, regularity, and smoothness of respiration. Cyanosis should 
not ocfcur; if present, administer oxygen, and substitution of another 
anesthethic is indicated. Nausea and vomiting occur in about 5 per cent 
of the cases. Other postoperative complications are rare. 

AdministratioiL — Vinyl ether is useful primarily in minor surgical 
operations of short duration, and in dentistry where gas anesthesia is 
not available. It has been used quite extensively during labor and 
during postpartum obstetric procedures. Overdosage may cause in- 
hibition of respiration associated with anoxemia and cyanosis. Stimu- 
late respiration and provide an adequate airway between the lungs and 
the atmosphere. Its use is usually contraindicated in cardiovascular 
disease, renal insufficiency, and hepatic damage. 

Vinyl ether may be administered by the open drop, semi-open drop, 
or close^l machine method. The open drop method is the choice for 
short operations. An adequate oxygen or air supply is essential and 
an unoltotructed airway should always bo maintained. 

Preparation 

Vinyl Ether, Aether Vinyllcus, U.S.P, (Divinyl Oxide). Contains 
about 96 per cent vinyl ether and about 4 per cent alcohol (dehy- 
drated). It may contain 0.025 per cent of harmless preservative. 
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Txlcliloroethylene 

Trichloroethylene is a sweet-smelling, pungent, colorless, volatile 
liquid, having the formula CHC1:CC]« It is not inflammable; it is 
slowly decomposed by light, is practically insoluble, and is miscible with 
ether, alcohol, and chloroform; it dissolves most flxe4 and volatile oils. 

Mode of Action. — The drug is effective only against the trigeminal 
type of neuralgia, and to some extent the glossopharyngeal type. The 
m^anism of action is unknown. The effect may be due to impurities 
in the anesthetic, but it is more likely that the relief obtained is due to 
the central depressant action of the drug. The permanency of relief 
reported by some persons is difllcult to explain. 

Toxicology. — Although no serious consequences are likely to follow 
its use, there is danger of overdosage from self-medication. Severe 
toxic psychoses have been reported. Lassitude, nausea, giddiness, 
and palpitation have been occasionally observed. Addiction to 
trichloroethylene may occur. 

Therapeutic Uses. — Trichloroethylene is useful in trigeminal neuralgia 
for relief of severe paroxysms of pain. It has also been proposed for 
the treatment of attacks of angina pectoris. Administration and Dos- 
age: Trichloroethylene is a general anesthetic subject to all the dangers 
and disadvantages of anesthetics. Administer 1 ec. by inhalation, 
repeat after a few minutes if nwessary. It sems probable that not 
more than sixty minims should be inhaled within twenty-four hours when 
it is used for any considerable period of time. This drug should always 
be administered with the patient in a reclining position, and the drug 
should not be substituted for amyl nitrite or nitroglycerin in the treat- 
ment of attacks of angina pectoris. Excessive dosage of this drug may 
mask signs of coronary pains indicative of overexertion of the heart. 


Preparation 

Trichloroethylene, Trichloroaethylenum, TT.H.P. Dosage: Inhalation, 
1 cc. (15 minims). 

Curare 


Sir Walter Baleigh broug:ht the arrow poison, curare of the Aroras 
from ‘'the large and beautiful land of Guiana” in the sixteenth cen- 
tury, but it was not until 1865 that Claude Bernard showed that its 
principal action was the paralysis of transmission at the neuromuscular 
Junction. Clinical interest in curare was renewed after Bremer in 1927 
discovered that small doses, insufficient to paralyze the intact skeletal 
musculature or to embarrass respiration, selectively released the spasm 
of decerebrate rigidity. 

The preparations obtained were crude, brown masses with a variable 
potency. With the advent in 1938 of a purified and standardized 
preparation known as intocostrin, clinical trials in various convulsive 
and spastic conditions were feasible. The curare preparations available 
include intocostrin (20 units per cc.) and d-tubocurarine chloride, 3 mg. 
per ec. The activity of 20 units of intocostin is equal to that of 3 mg. 
of d-tubocurarine. 

Recently, a synthetic preparation, a, p, dihydroxy (2-methyl), 
phenoxypropane (myanesin or B.D.H. 312), with curare-like effect has 


<; 
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in dm 
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been used in Great Britain. It appears to exert its muscular- relaxing 
action by a depressant action on the excitability of the spinal cord. 
It is much less toxic than curare, there is no intercostal paralysis 
with average therapeutic doses. 

Phaimacologlcal Action. — The chief action of curare is the arrest of 
all voluntary movements by an interruption of the connection between 
the peripheral nerves and the striated muscle fibers. When a solution 
of curare is given hypodermically, it causes paralysis of one muscle 
after another, until total paralysis results. Eventually the respira- 
tion ceases and asphyxia follows; this condition, however, is not fol- 
lowed by convulsions, as the motor impulses are unable to reach the 
muscles. Large doses cause heart failure from asphyxia and not 
through direct cardiac action. 

The action of the drug is brief because of rapid excretion and 
destruction. If respiration is embarrassed or arrested, neostigmine, a 
physiologic antidote, will assist in ^counteracting the curare effect. 
Artificial respiration is also indicated. 

Absorption and Excretion . — Curare is excreted apparently unchanged 
by the kidneys, but if given orally, some of the drug is detoxified in the 
liver and intestines. The drug may be swallowed with no ill effects, pro- 
vided there is no wounded surface in the course of the digestive tract. 
This is explained by the fact that excretion is apparently as rapid as 
absorption, so that its accumulation is insufficient to affect the tissues. 
The inactivity of the drug, when administered orally, is also explained 
by some, as being due to its destruction by the liver. Others believe 
that the drug is rendered inactive by its passage through the stomach 
membranes. 

Site of Action . — On stimulation of an isolated nerve of a muscle-nerve 
preparation, contraction of the muscle follows. \Vhen, however, the 
muscle is iimnersed in curare solution no effect results on stimulation of 
the nerve, but contraction follows direct muscle stimulation. This 
demonstrates that the paralysis is peripheral, and that the curare action 
is on the connection between the nerve and the muscle. 

It has been partially accepted that the site of action of curare is 
on the motor end plates. Langley has shown that curare continues to 
act after the muscle plate has lost its function. He showed that the 
action of nicotine on the muscle plate is opposed by curare, both in 
normal muscles and in muscles in which the nerve and nerve endings are 
degenerated. The action of curare might, therefore, be said to be ex- 
erted not on the end plate, but on some substance that serves to trans- 
fer the nerve impulses from nerve end plate to the contractile substance 
of the muscle. 

Therapeutic Uses. — Carefully standardized preparations are used to 
mitigate the convulsions of the shock treatment of mental cases; and to 
secure muscular relaxation in surgical anesthesia, especially by 
cyclopropane, thiopental, and nitrous oxide since it induces muscu- 
lar relaxation without the use of high concentration of the an- 
esthetic. 

Curare in Anesthesia . — Administer intravenously from 40 to 100 
units of intocostrin or 6 to 15 mg. of d-tubocurarine chloride when 
the patient is in light surgical anesthesia. Muscular relaxation oc- 
curs in from one to two minutes and persists for from fifteen to thirty 
minutes. If ether is used as the anesthetic agent, reduce dosage of 
curare preparation by 30 per cent or more, since ether has a curare- 
like action itself. Eemetnber the usual signs in judging the depth 
of anesthesia may be abolished by curare preparations. 
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Curare may be of value to relieve spasticity in tetanw, encephalitis, 
and poliomyelitis, Cullen and Quinn (1943) reported that intocostrin, 
either intravenously or intramuscularly, was spectacular in relieving 
the symptoms of tetanus. Dosage: 8 to 10 mg. per Kg. was satisfac- 
tory. 

Weed, Purvis, and Warnke (1948) reported relief of tetanic muscle 
spasms. They used d-tubocurarine, intramuscularly — 3.5 to 4.0 standard 
units of d-tubocurarine per kilogram of body weight as the initial dose. 
The daily maintenance dosage varied from 1.25 cc. for a 35 Kg. boy to 
2.0 cc. for an 80 Kg. man. The relaxant effect was apparent within 
one to three hours after injection. They administered total doses of 
d-tubocurarine ranging from 2,485 standard units in eleven days to 
3,570 standard units in fourteen days. Each cubic centimeter of the 
preparation used contained 27 mg. d-tubocurarine chloride pentahydrate 
(equivalent to approximately 175 units) and 48 mg. of myricin (wax) 
suspended in peanut oil. 

!l^ly reports indicated that* curare may give relief of spasticity 
in poliomyelitis (Ransohoff, 1945). More recent reports from the 
Mayo CUinic (1947), however, were not os promising. Recently, curare 
has been tried ( Schlesinger, 1946) and might have some value in rhou- 
matoid arthritis. 

Myasthenia Gravis , — Curare has been used as a diagnostic aid in 
patients suspected of having this condition. 

Oxygen 

Although Beddard and Pembrey (1908) observed that inhalation 
of oxygen results in decreased pulmonary ventilation in cases of 
cardiac failure, the origin of modern oxygen therapy may well be 
attributed to Haldane, through his work on the treatment of gassed 
soldiers during World War I. 

Pliysiology of Oxygen Therapy. — Under normal conditions an in- 
dividual requires for maintenance of bodily health from 15 to 18 cc. 
of oxygen per breath. Only 21 per cent of the inspired air is oxygen, 
and since the tidal air is approximately 500 cc., this means that only 
about one-fifth of the available oxygen is used. Although this seems 
to be a generous reserve, in diseased states, especially those accom- 
panied by fever, the oxygen requirement rapidly rises. The rise in 
oxygen requirement plus the reduction of vital capacity occasioned 
by consolidation and edema soon cut down on this reserve. An in- 
creased pulse rate plus an increased capacity of the blood to carry 
oxygen help to supply oxygen but gradually oxygen unsaturation 
increases. The available oxygen in the inspired air remains the same. 
Although respirations become more rapid, they also become shallower 
at the same time. Hence a vicious circle is set up which can only 
be counteracted by increasing the oxygen concentration of the in- 
spired air. This can be accomplished by administering oxygen in 
higher concentrations than are found normally in the air. 

Anoxemia. — ^The primary indication for oxygen therapy is anoxemia, 
a condition characterised by a deficiency in the oxygen content of blood. 
The body cells utilize oxygen brought to them by the hemoglobin for the 
processes of metabolism. The cells must receive oxygen in proper 
quantities and idso at suiBcientlv high pressure. In anoxemia the b^y 
cells reedve oxygen from the blood at an abnormally diminished pres- 
sure. In mountain sickness, a simple form of anoxemia, the pressure 
of oxygen in the air is reduced. At an altitude of 10,000 feet it is 
116 mm. At sea level the partial pressure of oxygen in air is about 
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160 mm. This condition usually causes symptoms of headache, vertigo, 
epistaxis, nausea, vomiting, cyanosis, and dyspnea. Anoxemia is best 
treated by oxygen administration. 

Therapeutic Uses. — In ordinary clinical practice oxygen therapy is 
used in preventing postoperative pneumonia in pulmonary edema, in 
pneumonia, and in heart disease. It is also indicated in the treatment 
of carbon monoxide poisoning, lung collapse, asthma, and other condi* 
tions of a similar nature. A mixture of oxygen and 5 to 7 per cent 
carbon dioxide is used in resuscitation. 

Oxygen should bo given continuously if indicated. It is good prac- 
tice not to wait until there is marked cyanosis before administering 
oxygen. The oxygen gradient should be increased before the mecha- 
nism that prevents cyanosis is exhausted. 

In Anesthesia . — Oxygen is an important constituent of various 
anesthetic gas mixtures. It is indicated for relief of asphyxia and 
difficult respiration. 

Migraine . — Oxygen is useful in the abortion or termination of 
migraine. Alvarez reported that 88 per cent of ninety-seven cases with 
‘^typical migraine'* headaches were relieved. Oxygen may be of benefit 
when ergotamine fails. 

Shock . — Inhalation of high concentrations of oxygen is beneficial in 
shock. It should be employed in addition to other standard therapeutic 
procedures. 

Heart Disease . — Oxygen is often used in the treatment of decom- 
pensated heart disease, a condition characterized by a so-called ^'stag- 
nant anoxemia” in which the minute flow of blood is diminished. 
Oxygen therapy relieves the symptoms of dyspnea, cough, and slow 
pulse rate. 

iMng Collapse. — Artificial Pneumothorax: Oxygen or oxygen and air, 
or air and nitrogen may be injected into the pleural cavity when lung 
collapse is indicated. If only temporary compression is desirable, air, 
or a gas rich in oxygen, seems indicated, as its absorption is more rapid. 
Nitrogen is indicated in prolonged compression, as it is less readily 
absorbed. 

Cardiac Asthma . — Oxygen is indicated to promote oxygenation of 
blood in the available alveoli. In the langs an atmosphere rich in 
oxygen should be supplied. A catheter is inserted in one nostril until 
the tip lies at the level of the uvula. Administer oxygen at the rate of 
six to eight liters per minute. 

Technic of Oxygen Therapy.— The technic of oxygen therapy is not 
simple. To be effective, a mixture of air containing from 40 to 60 per 
cent oxygen, is indicated. Oxygen may be administered by inhalation 
through a nasal catheter, by a well-ventilated oxygen tent, and by the 
oxygen chamber method. 

Nasal Catheter Method . — The administration of oxygen from small 
tanks with a funnel is not satisfactory. The funnel must be held close 
to the face, which interferes with the escape of carbon dioxide and 
moisture, or at such a distance as prevents an adequate increase of 
concentration of oxygen in the air breathed. An excellent method 
is the use of an inhaler which delivers the moistened oxygen just inside 
the nares, or with a catheter leading to the nasopharjmx. A concentra- 
tion of 35 per cent may be obtained by means of a size 10 or 12 nasal 
catheter, with a calibrated gauge to fit a high pressure ta^. At the rate 
of 4 to 5 liters per minute pass through al^ut three inches of water 
to prevent drying of the mucous membrane. Insert to the base of the 
uvula (4 indies) and change to other nostril every twelve hours. 
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Oxygen Tent — Wien higher concentrations of oxygen are desired or 
when the patient has difficulty breathing through the nose, the oxygen 
tent can be profitably employed. The oxygen concentration is from 
40 to 50 per cent. Only tents which are properly ventilated and cooled 
should be used. 

Oxygen Chamber , — This is a very efficient and comfortable method 
of administering oxygen. The atmosphere is maintained at from 40 
to 50 per cent oxygen. 

Preparation 


Oxygen, Oxygenium, U.S.P. 

Oxygen-Oarbon Dioxide Mixtures 

The use of carbon dioxide therapy has been the source of considerable 
controversy during the last twelve years. 

Pharmacological Action. — It has been shown that decreased carbon 
dioxide content of the blood is due to the increased breathing which 
oxygen want has promoted. Haldane and his associates (1935) 
showed that the volume of breathing of normal individuals was con- 
trolled in part by the concentration of oxygen in alveolar air. An 
increase in the carbon dioxide in the alveoli increased the breathing 
in proportion to the carbon dioxide present; oxygen want stimulates 
breathing by heightening the sensitivity of the respiratory center to 
carbon dioxide. 

Henderson and Haggard (1920) developed the theory that loss of 
carbon dioxide from the blood was a serious condition which should 
be cared for by inhaling oxygen containing 5 to 10 per cent carbon 
dioxide. They considered that oxygen want was the first stage of 
asphyxia; the second stage followed, due to increased breathing which 
lowered the carbon dioxide content of the blood; and finally the 
third stage which is characterized by a compensatory decrease in 
bicarbonates. It was shown that by administration of carbon dioxide 
in concentrations from 5 to 10 per cent with oxygen increased the 
bicarbonate content of blood. 

The inhalation of carbon dioxide has other physiological effects 
which are significant, such as increased pulmonary ventilation and 
increased muscle tonus (Henderson, 1938). Follovring operations the 
anesthetic gases are more rapidly eliminated from the lungs. In 
respiratory depre.s8ion oxygen-carbon dioxide mixtures stimulate the 
respiratory center and tend to overcome anoxemia more quickly than 
with the use of oxygen alone. 

Tlierapeatic Uses. — The most significant uses for oxygen and carbon 
dioxide mixtures appear to be in the treatment of respiratory depres' 
sicn in such conditions as carbon monoxide poisoning, drowning, elec- 
tric shock, morphine and alcohol intoxication. The most generally 
recommended mixture is 5 or 7 per cent carbon dioxide with oxygen. 
In respiratory failure in newborn infants, the inhalation of oxygen- 
carbon dioxide mixture has been recommended by Henderson (1934). 
Some, however, advise against its use. Kane and Kreiselman (1930) 
express their views in the following words: ^'The use of carbon 
dioxide as a resuscitating agent in asphyxia neonatorum is not only 
superfiaous bat may be even harmful in that ft tends to aggravate 
an already existing acidosis.'' 

In general, it seems apparent that the marked benefit from ad- 
ministering a combination of oxygen and carbon dioxide arises from 
a heightened pulmonary ventilation, an increased muscle tonus, and 
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from stimulation of tho respiratory center. These effects result in a 
more rapid disappearance of the anoxic state. 

Usually tho indication for use of oxygen-carbon dioxide mixtures 
is in cases that require a maintained increase in pulmonary ventila- 
tion; if this can be secured by relatively low concentrations, higher 
concentrations should not be used. 

Contraindications , — In any state in which pulmonary edema is sus- 
pected, concentrations of from 5 to 10 per cent carbon dioxide are 
definitely contraindicated (Boothby, 1932). In congestive heart failure, 
pulmonary emphysema and fibrosis, concentrations of 5 to 10 per 
cent, administered for from five to ten minutes, may produce a short- 
ness of breath. In massive collapse of the lungs the inhalation of 
carbon dioxide should only be persisted in until the breathing has 
been markedly increased in depth, usually a period of about five 
minutes. 

Administration , — The simplest method of administering oxygen and 
carbon dioxide is to use a cylinder containing the mixture desired. 
These mixtures may be administered with a nasal catheter, but higher 
concentrations of carbon dioxide or larger flows of carbon dioxide 
and oxygen mixtures have to be used because during inhalation the 
mixture is diluted considerably. Carbon dioxide may also be admin- 
istered in an oxygen tent; here again higher concentrations of carbon 
dioxide than 5 to 10 per cent or larger flows of the mixture are 
indicated in order to obtain the carbon dioxide concentration desired. 

In resuscitation cases, the 7 per cent carbon dioxide and 93 per 
cent oxygen mixture may be administered through a mask during 
inhalation and exhaled through an expiratory valve during expiration. 
The mixture is best delivered from the cylinder into a bag and then 
to tho mask. The rate of flow is regulated by the gauge. 

INTRAVENOUS ANESTHESIA 

Int ravenous anesthesia is confined almost exclusively to the use 
c»f thiopental sodium (peiitothal ). Hexobarbital soluble (evipal 
sodium 1 is used to a much lesser extent. The latter, because of its 
toxicity, has been replaced by thiopental sodium. A few other 
short-acting barbiturates have been developed but at present have not 
come into general use. 

Intravenous anesthc.sia is that type of anesthesia in which we intro- 
duce the anesthetic agent into the venous circulation of the patient. 
Tho idea of intravenous anesthesia has intrigued medical men for 
many years. The first attempts at this tj-pe of administration were 
made in 1872. Various drugs have l)een used, such as chloral hydrate, 
hedonal, sodium amytal, sodium nembutal, and ether; but tho results 
have been generally unsatisfactory. 

Recently, with tho introduction of the truly short-acting drugs, such 
as hexobarbital sodium and thiopental sodium, satisfactory anesthesia 
has been attained. 

Recent Trends. — (1) The original technique of giving large doses 
of the anesthetic agent and withdrawing the needle has been aban- 
doned in favor of intermittent injections of doses that are safe but 
sufllcient. 

(2) The use of 2.5 per cent solutions in place of 5 or 10 per cent 
solutions prevents untoward results from extmvenous injections. 

(3) The use of intravenous anesthesia as a part of a balanced an- 
esthesia has been the latest trend. Thus pieliminnry medication with 
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s^ium pentobarbital, together with morphine sulfate and atropine, is 
given. Then local, regional, or spinal anesthesia is employed toge^er 
with^ intravenous anesthesia with pentothal sodium at the same time that 
a mixture of 50 per cent nitrous oxide and 50 per cent oxygen is ad* 
ministered by inhalation. 

(4) The intravenous method is still in the early stage of develop* 
ment. The method will be used more and moro with the advent of bet* 
ter agents and as experience in its use is attained. 

The advantages of intravenous anesthesia are: 

1. Induction is rapid, within a few seconds, if so desired. 

2. Induction is smooth, easy, and pleasant for the patient. 

3. The postoperative condition of the patient is usually excellent, 
and there is a minimum of nausea and vomiting. 

4. Complications are rare. 

5. There is no Are or explosion hazard. 

The disadvantages of intravenous anesthesia are: 

1. Difficulty in making injection in obese individuals and in 
children. 

2. Possibility of venous thrombosis. 

3. Po^bility of cerebral anemia in patients in sitting position 
if interval is longer than five to eight minutes. 

4. Control of anesthesia not as sure as with inhalant anesthetic 
agents. 

Thiopental Sodium , 

Thiopental sodium (pentothal) is a sulfur-substituted pontobarbith} ! 
sodium compound, qualitatively similar in action to pentobarbital, 
but of shorter duration and effective in smaller doses. 

It is rapidly destroyed in the body and if administered slowly, 
fairly satisfactory control can be secured. It is believed to be de* 
stroyed in the liver. 

Therapeutic Ilses. — The principal use of thiopental is for intra- 
venous anesthesia. It is injected in freshly prepared buffered solu- 
tions as a quick-acting general anesthetic for short operations. 

The blood pressure usually falls immediately after injection of 
the drug but soon returns to normal. The pulse is slightly increased. 
Respiration is little affected under therapeutic conditions. The main 
toxic effect is on respiration, since the heart is still beating effectively 
when respiration is paralyzed. There is little effect on blood chem- 
istry or renal function, though the blood sugar is slightly raised. 

Thiopental should be used with extreme caution in patients who 
have had recent severe hemorrhage or who are suffering from shock 
or toxemia. It is recommended that concentrations of 2.5 per cent, 
or less, be used, as more concentrated solutions have a greater 
tendency to cause venous thrombosis. 

A d mini stration . — Vrtmedicaium is very essential to obtain perfect 
relaxation and should consist of an opiate and atropine sulfate. The 
preliminary administration should be given thirty minutes before start- 
ing the anesthetic. Atropine sulfate should be given in all cases to 
prevent laryngeal spasm. The opiate may well be omitted in obstetrical 
fa res. 

Thete it no sinj^e method of induction, the detaila of which all 
agree are perfectly aatiefaetory. It is necessary to remember that t^ese 
dmga are potentially dangerous and ehonld be administered only by 
eompetoit. e^rienced anesthetists. 

when the prepamtioa of the patient is complete and the surgeon is 
ready, the anesthetist Axes 20 ec. of n 5 per cent thiopental sodium 
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solution in a 20 cc. syringe. The antecubital fossa of the arm is cleaned 
with alcohol, then, with a 20 gauge needle on the syringe, the median 
basilic vein (or a dorsal metacarpal vein in the back of the hand) is 
pierced. Then the anesthetist tells the patient to count aloud while 
the injection is made. 

Dosopc.--Two or 3 cc. of a 5 per cent solution (from 0.1 to 0.15 
Gm.) are injected in about ten or fifteen seconds. When the patient 
stops counting, the injection is then stopped to permit the complete effect 
to appear, which requires from 30 to 35 seconds. If relaxation has not 
occurred, an additional 2 or 3 cc. may be injected at the same rate as 
before. 

Following injection the respiration usually becomes quite shallow, 
amounting practically to apnea, but the pulse remains full and strong, 
and respiration soon returns. The patient should be watched closely 
for respiratory obstruction since, as the muscles relax, the tongue is apt 
to fall back in the throat and produce obstruction. It is well, there* 
fore, at the start to have the patient’s head turned to one side and to 
have an airway ready for immediate use. 

During the period of anesthesia, the needle is allowed to remain in the 
vein and injection is resumed as indications warrant, 1 cc. being admin- 
istered intermittently throughout the operation to maintain anesthesia 
at the desired level, the dose being regulated entirely by the effect 
produced. Evidences of recovery, which are an indication for an addi* 
tional Vi to 2 cc., if the anesthesia is to be prolonged, are slight move- 
ments of the fingers and toes, or slight phonation. There are no depend- 
able eye signs and the anesthetist will find respiration, pulse, and 
response to skin pinch valuable signs. The reaction to pinch of the 
skin has been one of the most reliable guides to depth of anesthesia. 

Oxygen should be administered if the patient l^omes anoxemic. 
Carraway (1939) recommends the use of oxygen. He writes: Before 

we started using nasal oxygen, often there were complications during 
the anesthetic, such as hiccoughing, a slight pallor, depression of respira- 
tion and in a few instances cyanosis. Certain stimulants, such as 
coramine, picrotoxin, amyl nitrite and oxygen with 5 per cent carbon 
dioxide were given; but since we have been using nasal oxygen, none 
of these complications have occurred.” Dr, Carraway ’s statement 
has been based on the use of thiopental sodium in 3,559 consecutive 
cases. 

PRKPxVRATIONS 

Thiopental Sodium, Thiopentalum Sodicum, U.S.P. (Thiopentane Sol- 
uble). Contains not less than 89 per cent of thiopental. 
Dosage: 2 to 3 cc. of a 5 per cent solution of the sterilized drug 
is injected intravenously over a period of ten to fifteen sec- 
onds, and a period of thirty to thirty-five seconds is allowed 
to elapse before administering additional amounts that may 
be needed to produce relaxation. 

Sterile Thiopental Sodium, Thiopentalum Sodicwn Sterile, U.S.P. 
(Sterile Thiopentane Soluble). A mixture of thiopental sodium 
with anhydrous sodium carbonate as a buffer, which meets the 
requirements of the Sterility Test for Solids, U.S.P. 

BEOTAI. ANESTHESIA 

The administration of anesthetics by rectum may be indicated 
occasionally but is seldom resorted to if other routes are available. 
Gwathmey’s oil-ether mixture, a solution of ether in oil, is admin- 
istered by rectum. In severe attacks of asthma the rectal adminis- 
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tratioii of ether and oil in equal parte may bo useful. Hackemau (1943) 
has satisfactorily instilled HO ee. of equal i>art» of etlu^r and oil two and 
three times daily. 

Tribromoethanol is regularly given by rwtuin. I'his preparation was 
tirst used for general anesthesia but was too toxic. At present it is 
employed largely as a basal anesthetic, especially in children. 

Tribromoethanol has been reported as useful in restlessness and 
delirium associated witli pneumonia. It is administered in dosage 
of HO mg. (1 grain) per kilogram by rectum. 

In tetanus many have employed tribromoethanol as a retention enema. 
Twenty- five milligrams per kilogram have been given as an initial dose, 
to be followed in fifteen to twenty minutes with about one-half that 
dose. 

Paraldehyde has been administered rectally to produce obstetric, an- 
algesia, but its use is not too desirable. The shorter acting barbiturates 
including pentobarbital, amytal, and thiopental are often used rectally 
as basal anesthetics. 

HYPNOTICS 

The first essential of an ideal hypnotic is that it .should produce 
sleep without danger. An ideal hypnotic should possess the following 
attributes: (1) possess no excitement stage, (2) have a smooth 

regular absorption, (3) be excreted promptly, (4) possess no side reac- 
tions, (5) possess a wide margin of safety, (6) be nonhabit forming, 
(7) develop no tolerance, (8) and finally, produce a reliable hypnotic 
effect. 

General Action , — The general action of the hypnotics is that of a 
descending depression of the central nervous sy.stem, beginning with the 
cortex. Each compound acts with varying intensity at different points 
in the cortex and in subcortical regions. The more recently acquired 
functions of the brain are acted upon to the greate.st extent by hypnotics. 
Pick suggests that such drugs as alcohol, paraldehyde, chloral hydrate, 
and the bromides, act by depressing the cerebral cortex ; while derivatives 
of the barbituric acid group act by depressing the thalamic region. In 
addition to their action on the central nervous system, most of these 
drugs have harmful effects on other parts of the body. Hypnotics will 
produce complete anesthesia if given in large doses. Most hypnotics 
are contraindicated for general anesthesia in clinical practice because 
the anesthesia is too prolonged. 

Classification of Hypnotics 

A classification for therapeutic purposes could well bo made on the 
basis of rapidity of on.set and duration of sleep produced. On this 
basis of classification the following illustrations suffice: Chloral, 
paraldehyde (rapidly acting over a short period), sulfonethylmethane 
(slow acting over a long period), barbital and pentobarbital (between 
these). The following classification will be used: 

1. Ethane Derivatives. 

Paraldehyde (CH,.CHO),. 

Chloral hydrate CCVCH(OH),. 

Chlorobutanol (chloretone) CCl,C(OH).CH,CH,. 

Butyl chloral hydrate Cn,CHCl.CCl,.CH(OH),. 

2. Sulfone Oroup. 

Snlfonmethane (snlfonal) (CH,),C(SO,CA)»* 

Sulfonethylmethane (trional) (C^,) (CHg)C(SO,C.H.)^ 

3. Barbitorle Add Derivatives. 
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ETHANE DERIVATIVES 
, Paraldehyde 

Paraldehyde (Clfa.CIIO), is a transparent, colorless liquid, with 
a characteristic odor and sharp taste. It is a polymer of acetalde- 
hyde. It is miscible with water (1:8), alcohol, milk, and aromatic 
elixir. It should be carefully stored, since it tends to decompose 
with formation of peroxides and an increase in acidity. 

Action and Uses , — Paraldehyde possesses hypnotic, sedative, and anti- 
septic action. It acts rapidly and produces sleep which closely resembles 
natural sleep; it has no analgesic action. Therapeutic doses do not 
cause depression of the heart or respiration. The obvious disadvantage 
of paraldehyde lies in its odor on the breath the following day, but 
this is compensated by its efficacy, and above all by the absence of tox- 
icity. The drug is rapidly absorbed from the gut, and excreted chiefly 
by the lungs, and a smaller part in the urine. Since it is excreted 
ill part by the lungs, it should be avoided in bronchitis and pneu- 
monia as it stimulates bronchial .secretion. 

Toxicology. — ^The symptoms of acute poisoning are unconsciousness, 
lasting several hours, and occasionally nausea, vomiting, headache, and 
dizziness. Fatalities, however, are rare, recovery having taken place 
after taking three ounces, although the fatal dose may be placed at 
approximatmy 25 cc. Death may occur from paralysis of the respira- 
tory center. Treat poisoning by gastric lavage, stimulation by coffee or 
strychnine, and by application of heat. Post-mortem findings are not 
characteristic, but there may be an odor of paraldehyde in ^e viscera. 

This drug sometimes produces a drug habit in spite of its unpleasant 
taste. Symptoms of chronic intoxication are similar to those of chronic 
alcoholism. 

Therapeutic Uses. — Paraldehyde is used as a hypnotic, sedative, and 
antiseptic. The drug is usually ordered alone or as the elixir. It 
may be administered in fruit juices. Paraldehyde may also be given 
by rtvtum. It is sometimes given intravenously in 1 cc. dosage to ob- 
tain its full anticonvulsant action. 

In the treatment of status epilepticus Collier (1928) recommends 
paraldehyde above any other remedy; he gives up to 32 cc. (8 drachms) 
in an equal quantity of olive oil by rectum. In tetanus, 4 to 24 cc. 
(1-6 drachms) may be given rectally in a little physiological saline. As 
a sedative in delirium tremens paraldehyde is the hypnotic of choice; 
a<lminiRter 12 to 16 cc. (3-4 drachms) several times daily. Recently 
it hu.H Ikhmi used for preoperative sedation and to produce analgesia and 
amnesia in childbirth. In treating insomnia, Fantus suggests the 
following prc.sc*ription. 

n 

Paraldehyde GO.OO cc. (f3ij) 

Sweet Orange Peel Tincture. -q.s. ad 120.00 cc. (fjiv) 

M. Sig. : 1 to 4 teaspoonfuls on retiring. 

Preparations 

Paraldehyde. Paraldrhyditm, U^.8.P. Dosage: 4 cc. (1 fluidrachm). 
Best adrainistereil with cracked ice or ice-cold liquids. B.P., 2-8 
cc. (30-120 min,). 

Ohloral Derivatives.— Chloral hydrate is the standard hypnotic of 
this group. It has the disadvantages of causing cardiac and respira- 
tory depression in overdosage and of causing gastric irritation unless 
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properly diluted; furthermore it cannot be used hypodermically. Its 
deriTatiTes are less irritating but their h3rpnotic action has been de- 
creased. Chlorobutanol can be given by hypodermic injection. 


Oliloral Hydrate 

Chloral hydrate, which was the first synthetic hypnotic to be 
produced, immediately attained great popularity, and due to its 
indiscriminate use most of the possible dangers from its abuse were 
soon discovered. It was discovert by Liebig in 1832 and introduced by 
Liebreich as an anesthetic in 1869. It is a useful hypnotic; moderate 
doses induce a condition closely resembling that of normal sleep. It oc* 
curs as colorless crystals, possessing an aromatic odor and bitter taste. It 
is freely soluble in water and in alcohol, but is decomposed by strong 
alcoholic solutions. Chloral hydrate is undoubtedly the most useful 
of all hypnotics and the cheapest. The present tendency is toward 
a revival of its use. 

Chloral is little used, the hydrate being commonly' used in medicine. 

CCl,CHO + H,0 = CCl,CH(OH), 

Chloral Chloral hydrate 

Phannacological Action. — This drug possesses h^notic, analgesic, 
antispasmodic, and antiseptic action. The drug is absorbed quite 
rapidly from the stomach and intestines. Chloral may form the non- 
toxic urochloralic acid (trichlor-ethyl glycuronic acid). Urochloralic 
acid reduces Fehling’s solution and thus gives the erroneous belief 
that chloral cau.ses glycosuria. A small amount of chloral is elim- 
inated unchanged. 
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Local Action , — Chloral hydrate, like the aldehyde, is irritant to the 
skin and mucous membranes, and may cause vomiting if given in con- 
centrated form. If applied to the skin it is counterirritant, producing 
reddening, slight anesthesia, and if concentrated, may cause destruc- 
tion of tissues. This action is due to its chlorine content. 

Action on the Nervous System , — Chloral hydrate depresses the central 
nervous sptem, small doses producing a feeling of weariness followed 
by sleep in which the pulse and respiration are slightly slowed as in 
normal sleep. The reflexes are not abolished. Large ddses rapidly 
cause narcosis and abolition of the reflexes. There is a slowing of the 
respiration and fall of blood pressure. 

Aeiian on Circulation , — The heart is slowed after therapeutic doses 
of ehloral; Alstead (1936) states that chloral hydrate is a cardiac de- 
pressant only in much larger than ordinary doses. The blood pressure 
IS little affected. In poisoning the blood pressure is reduced by weak- 
ness of the vasomotor center and the heart. The cutaneous vessels are 
dilated and there is a rapid fall in temperature. The chlorine content 
explains the poisonous action on the heart. This toxic action on the 
heart resembles that of chloroform, the auricles being affected first and 
then the ventricles. 
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Action on Metaholisin * — ^After chloral there is evidence of increased 
protein destruction, resulting# in the appearance of increased nitrogen, 
phosphorus, and sulfur in the urine. This action is quite characteristic 
of chlorine compounds of the methane group, as chloroform, etc. From 
the continuous use of chloral there may result fatty degeneration of the 
liver, heart, and arteries. 

Toxicology* — Most cases of chloral hydrate poisoning are due to 
errors in its administration as a medicine. In a few instances the 
poisoning has been suicidal. The drug has been given secretly in food 
or drink for criminal purposes. If the drug is taken regularly, the 
tolerance of the body is increased and a habit may be formed. 

When chloral hydrate is taken in toxic doses, signs of gastrointestinal 
irritation may occur. The victim may become comatose, with muscle 
relaxation, cold extremities, low blood pressure, convulsions, delirium, and 
cyanosis. The pupils become miotic. Death results from respiratory 
paralysis. 

Chronic poisoning is characterized by variable symptoms, such as skin 
rashes, vesicles and ulcerations, inflammation of the eyes, nervous symp- 
toms, insomnia, and even delirium tremens. 

The fatal dose varies from 2 to 30 grams and death may occur in from 
fifteen minutes to six hours. Treatment: Treat acute poisoning by 
gastric lavage with potassium permanganate (1:1,000); keep body 
warm and administer oxygen and artificial respiration. Strychnine 
and strong coffee are indicated for stimulation. 

Therapeutic Uses. — Chloral hydrate is used as a hypnotic, analgesic, 
and antispasraodio. Disadvantages of chloral hydrate include its 
pungent odor, bitter taste, and habit-forming tendencies. It may 
be administered internally either alone or with other agents, such as 
the bromides. It may be administered orally or by rectum. When 
administered orally, give diluted in water or cracked ice, in milk, or 
in tincture or syrup of orange. Externally, it may be used in oint- 
ments for treatment of pruritus and eczema. 

Hypnotic . — Chloral hydrate is an efficacious hypnotic in insomnia due 
to nervous excitement. From the sleep produetMi l»y it the patient can 
wake naturally and drop off to sleep again. The drug is especially 
good in the early years of life. It has the peculiarity, if given to old 
people, of causing a type of sleep-walking in which the patient be- 
comes active in the middle of the night, and has no memory of his 
wanderings. It is not so valuable if sleeplessness is due to pain. In 
such cases it may be combined with^ morph.ino. Given well diluted 
with water (0.3 to 0.6 Om.), and in proper doses, it produces sleep 
within an hour, and is harmless even in heart disease. 

Sedative . — It is used as a sedative in convulsions caused by strychnine, 
in tetanus, delirium, eclampsia, whooping cough, etc. In tetanus 2 to 3 
grains (30 to 45 grains) are administered in olive oil or water by rectum. 
It is well absorbed by the rectum, and doses may be repeated every 
four hoars. In rabies large doses of chloral hydrate and sodium 
bromide, 1.5 to 3 grams (22 to 45 grains) of each, may be given in 
water by rectum. It is especially valuable in conjunction with the 
bromides. In delirium fever it may be given in small doses. It is 
prescribed largely with other agents, such its bromides and codeine. 
It should not be given, however, if the heart is weak or if other 
measures could be used. 
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As sedatiTo: 

Chloral Hydrate — 1*5 (gr«x*U) 

Sodium Bromide 3.0 Om. (gr.»v) 

Orange Syrup (^*o) 

M. Big. ; Teaspoonful as required. 

Skin Diseases.— ChloTBl hydrate may be used alone or in combination 
with other drugs, as camphor, salicylic acid, menthol, in making various 
ointments for the treatment of pruritus, eczema, warts, ringworm, 
dermatitis, etc. 

In treatment of pruritus: 

R 

Chloral Hydrate 

Menthol- J 

Petrolatum 

M. Sig.: Apply locally 

Note, — Chloral hydrate is best given in well-diluted solutions. It 
sliould not be given with alcohol, as chloral alcoholate knockout 
drops") is formed. 

PRKPARATION 

Chloral Hydrate, Chloralis Hydras, U.B.P., B.P. Dosiujt : 0.6 Gm. (10 
grains). 

Chlorobatano^ CCl,C(OH).CTI,CII„ chluretone occurs as colorless 
crystals po-ssessing a characteristic musty taste. It is slightly soluble 
in water (1:125) and very soluble in alcohol (1:1). 

Ch^orobutanol is apparently absorbed unchanged from the alimentary 
tract, but is decomposed in the body. It possesses a local anesthetic 
action which is sufficient frequently to prevent vomiting. It possesses 
an antiseptic action fifteen times that of boric acid. Its action on the 
central nervous system is similar to that of chloral hydrate, and hyp- 
notic doses are apparently as dangerous as chloral hydrate on respira- 
tion and the heart. It may not be habit forming. It is said to be 
useful as a mild local anesthetic in dentistry, etc., and for insomnia, 
vomiting, and spasmodic conditions. It is used frequently as a pre- 
servative for h 3 ^odermtc solutions. Dosage: oral — from 0.3 to 1.3 
Om. (5 to 20 grains) in capsules; hypodermic injection — a saturated 
aqueous solution as a local anesthetic. 

BatylcUoral hydrate, CH,CHC1CC1,CH(0H)„ is another chlorinated 
hypnotic. It occurs in white laminae, and has a pungent odor and acrid 
taste. It is soluble in water (1:50) and in alcohol (1:1). The action 
of this preparation is similar to that of chloral hydrate, except that 
the former is said to be less depressing and more analgesic. It is recom- 
mended for the treatment of trifacial neuralgia. 

Prcparations 

Clilorobutanol, Chlorohutanol, U.S.P. Dosage: 0.6 Gm. (10 grains). 

ChiarhuM, BJ?. Dosage: 5-20 gr. 

Buiylehloral Hydrate. N.N.B., 0.3 to 1.3 Gm. (5 to 20 grains). 

THE BUhFONE OKOUF 

Two analogous compounds formed by the substitution of tulfone 
radicals in methane are sulfonmethane and sulfonethylmethane. The 


4.00 Gm. (3j) 

0.04 Gm. (gr.%) 

q.s. ad 30.00 cc. (Sj) 
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0ttlfonal drugSi such m sulfonal and trional, are effective hypnotics, 
but their slow absorption and delayed action have led to their replace- 
ment by the more rapidly acting hynotics, such as the barbituric acid 
derivatives. At present their use is largely conAned to mental hos- 
pitals. 

The sulfonmethanes in therapeutic doses produce sleep without no- 
ticeable effect on circulation or respiration. In large doses, acute 
poisoning may occur, characterized by gastrointestinal disturbances and 
also disturbances of metabolism and the nervous system. Cumulation 
may follow prolonged use. 

These drugs are usually prescribed as powders. They are apparently 
more effective as hypnotics in insomnia unaccompanied by pain or 
discomfort. They have been used with some success as antispasmodics 
in epilepsy, hiccup, and chorea. 

Sulfonmethane, or sulfonal, diethylsulfondimethyl methane, depends 
oil ethyl radinils for its hypnotic action. Its action is increased by re 
placing the methyl radicals with ethyl, i.e., trional, in which one methyl 
group is replaced. It occurs in crystal form; it is slightly soluble in 
water (1:365) and somewhat soluble in alcohol (1:60). 

Action and Uses . — The action is slow and irregular (four to Ave 
hours). The analgesic properties are weak. Therapeutic doses have 
little effect on circulation and respiration. It is eliminated slowly 
by the kidneys as sulfonal and ethylsulfonic acid. With repeated doses 
it has a tendency to accumulate. 

Sulfonal is indicated in the treatment of functional nervous insomnia. 
It i.s of some value in reducing night sweats in tuberculous patients. In 
moderate doses it is a useful and harmless somnifacient. This drug 
is best administered in capsules, tablets, or suspended in a syrup. 

Toxicology. — Death usually is accidental, resulting from taking 
an overdose. The toxic symptoms are headache, mental confusion, 
ataxia, stupor, and coma. The respiratory center is depressed slpwly 
and death follows. In some cases, bile, albumin, casts, and blood 
are present in the urine. The fatal dose varies from 5 to 100 grams, 
death occurring in a few hours, or death may occur several weeks later. 
At autopsy renal irritation and congestion of the lungs may be found. 

Treat acute poisoning by active purgation and by washing the stomach 
with Avarm water. Administer alkalies. Stimulants and artiAcial respira- 
tion may be indicated. 

Sulfonetliylmetliaiie or dicthylsulfonmcthylethylmethane was orig- 
inally introduced in medicine as trional. It is characterized by 
colorless crystalline scales which are slightly soluble in water (1:200) 
and readily soluble in alcohol. It is administered in the same manner 
and for the same conditions as mentioned for sulfonal. 

Trional is more active as a hypnotic ngent than sulfonmethane. and is 
tpiicker in its offi'ct. It is more rapidly absorbed and excreted, and 
somewhat more toxic. 

PRErARATIONS 

Sulfonmethane, Sul fonmt than um. N.F. Dosage: 0.75 Gm. (12 grains). 
Sulfonothylmethane, Sulfonethyhneihanum, N.F. Dosage: 0,75 Om. 

(12 grains). 

BABBITUBIC ACID DERIVATIVES 

Ever since urea was jirepared synthetically by \\ohler in 1828, its 
derivatives have occupied an important place in medicine. They have 
largely displaced the older hypnotics and sedatives, as they arc 
sedative but as a rule produce fcAV serious side reactions. 
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OheiiilBtry. — ^The barbiturates may be formed from urea and 
malonic acid, producing malonylurea or barbituric acid as follows; 
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Malonylurea (barbituric acid) acts like an acid, forming salts such 
as barbital, phenobarbital, etc. By replacing the hydrogen atoms 
at 5 by alkyl or aryl groups, compounds possessing hypnotic action 
are produced. If the substituting groups are chemically stable, the 
resulting compounds are usually more stable and longer acting in the 
body. If the groups contain branched chains or double bonds, these 
are likely to be rapidly destroyed by the body and to be obviously 
short acting. Replacement of the oxygen in position 2 by sulfur re- 
sults in thiobarbiturates which are very short acting, e.g., thiopental 
sodium. 

Numberless derivatives have been produced, differing chiefly in 
potency and rapidity of action. These compounds are fairly stable 
but not very soluble in water. The sodium salts of the barbiturates 
are readily soluble in water, but solutions are less stable and may 
even form toxic decomposition products. Thus, for intravenous use, 
the solutions should be prepared just before use. 

Pliamuicologtcal Action of Barbitals. — These compounds produce 
sedative, hypnotic, antispasmodic, and anodyne action. They are 
rapidly absorbed from the intestinal tract and are excreted almost exclu- 
sively in the urine, but a large amount may be stored in the brain, liver, 
spleen, and kidneys. When administered intravenously they leave the 
blood stream in a few minutes. Compounds, such as amytal and 
nembutal, with unstable side chains are rapidly detoxified. In the case 
of barbital, 45 per cent of a therapeutic dose is excreted in twenty-four 
hours and 80 per cent in six days, whereas with phenobarbital only 3 per 
cent is excreted in twenty-four hours and 15 per cent in six days 
(Koppanyi, 1933). The low excretion of these drugs is a grave objection 
to their use in insomnia. 

Location of Jetton . — The central depression of these drugs is thought 
to be located on the cerebral cortex and prolmbly on the subcortical 
ganglia, especially on the hypothalamic portion of the diencephalon. 
The action of morphine, chloral, and the bromides is predominantly on 
the cortical regions. 

Nervous System . — The threshold for painful stimuli is decidedly in- 
creased until there is no response under deep narcosis. Reflexes are 
mnerally depressed. Koppanyi (1933) reports that barbital is evenly 
distributed in different parts of the central nervous system. This 
refutes the statements of Keeser and Keeser (1935) who found higher 
concentrations in the midbrain and thalamus. 

Mild doses of barbiturates generally allay nervousness and restlessness 
and if given at night, produce deep. With increase in dose^ 
analgesia, followed bjr amnesia and anesthesia, occurs. Small dossa pro- 
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dttee s striking change in emotional attitude; worries and mental diS' 
tnrbances disappear (Lindemanh, 1932). 

BespiTaiwn , — Large doses depress the respiratory center directly, re- 
ducing the depths and the rate, while hypnotic doses produce little effect. 
Intravenous administration may result in shallow and rapid respiration. 
Small doses given rapidly by vein may paralyze the respiratory center. 
In prolonged narcosis pulmonary edema may occur, followed by pneu- 
monia. 

Cifcuhition , — Therapeutic doses given orally, hypodermically, or slowly 
by vein produce no significant change in circulation. Rapid administra- 
tion by vein will cause a rapid fall of blood pressure, followed usually 
by prompt recovery. 

Tract , — The activity and tonus of the intestinal tract are 
diminished. The sensitiveness of the stomach is decreased, so that 
and vomiting reflexes are depressed. It appears that the barbiturates 
depress the motor activity of smooth muscle by direct action on smooth 
muscle cells or perhaps by action on intrinsic nervous tissue. 

Barbiturates in large hypnotic and anesthetic doses produce a reduc- 
tion of the gastric and pancreatic secretions, with prompt return to 
normal flow after stopping the drug (Coffey, et al., 1940). 

Other Actions , — Temperature is lowered slightly by therapeutic doses 
and markedly by toxic doses. Liver function is not found to be im- 
paired by therapeutic doses. 

Tozioology. — Acute poisoning by barbiturates is not infrequent, 
either by suicidal intent or over-susceptibility or by the therapeutic 
use of large doses for anesthesia, especially if given by intravenous 
injection. All the members of the barbital group should be admin- 
istered with care. All barbiturates when used alone may produce 
excitement in varying degrees in a large percentage of the cases. 
Many deaths are reported from the barbiturates. We are not familiar 
with the toxicology and idiosyncrasies of all the barbital compounds, 
but, no doubt, they are all somewhat similar to the toxic actions of 
barbital and phenobarbital. 

During recent years the barbiturates have been used perhaps the 
most commonly of all the hypnotics in cases of severe insomnia. Per- 
sons suffering from mental disorder require, and can often tolerate, 
much larger doses of hypnotics than normal persons. The margin 
between their therapeutic and toxic doses is fairly wide. The risk of 
habit formation is well kno^vn, although it is readily admitted that the 
addiction habit from these drugs cannot be compared with that of 
morphine or cocaine. 

A sleepless patient, often suffering from physical pain, misery, 
and depression from continued use of these drugs, may often take 
an oveMoae not caring what happens, and perhaps "hoping for the 
worst." These drugs also cause amnesia, and a fatal dose could 
easily be taken unknowingly. Solis-Cohen and Qithens state that 
more deaths are reported in Great Britain from the barbiturates than 
from any other group of drugs. These drugs should be sold under the 
Narcotic Law to prevent common praciicc of self-medication. 

Acute Foisoaing,— The acute type may be characterized by menUl 
confuaioiL drowsiiiess, fall in blood pressure, coma, rapid pulse, moist 
skin, pulmonary edema, and collapse. The pupils are usualljr con- 
strioted. Some patients may develop a skin rash of the scarlatinifom, 
macular, or vesicular type. The cutaneous synlptoms usually develop 
at or near the time the patient takes the drug. There may be pqreMc 
manifestations of varying types. Huddolson (1929) treated a senes 
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of 1,147 patients, and of this group 37 per cent had gastrointestinal dis* 
turbances, nausea, Tomiting, and diarrhea. 

Diagnosis of Poisoning , — History of ingestion of drug. When no such 
history is obtained and one sees a patient in coma where reflexes and 
pupillary reactions, though obtunded, are obtained, and who is cv^otic, 
has a low blood pressure and a subnormal temperature, barbiturate 
poisoning must be suspected. Hippus, when present with the other 
features is diagnostic. The presence of the chemical in body fluids is 
confirmatory of poisoning. 

Treatment , — 

1. Wash out the stomach, irrespective of how long previously the drug 
was taken. The drug causes cessation of peristalsis, and thus much of 
the drug is retained for some time. Water or dilute permanganate solu- 
tion is used. If the patient is in coma, the stomach should be evacuated, 
with the head lower than the body to prevent aspiration of fluid. 
The bowels should be emptied if necessary by enemas. 

2. Administer oxygen continuously. 

3. Administer Picrotoxin Solution, intravenously. 

a. Concentration — 0.2 per cent in normal saline. 

b. Dosage — 5 mg. Ist dose — 2.5 c<‘. 

5 mg. 2nd dose— 2.5 cc. 20 minutes later. 

10 mg. 3rd dose — 5.0 cc. 30 minutes later. 

4. In case of a failure, administer 

a. Ampules of Camphor, N.P., intramuscularly — 1 cc. = 0.2 Gm. 

of Camphor in Oil. 

b. Inhalation of COx, 5 per cent and Os, 95 per cent. 

Note: (Barbituric acid derivatives depress and paralyze the respira- 
tory center, picrotoxin directly and camphor reflexly antagonize this 
action.) 

5. Give glucose by vein to combat acidosis and increase diuresis. 

Poole (1929) recommends that a akin test be made before administer- 
ing barbiturates. He injects 0.02 cc. of a 2 per cent phenobarbital 
solution intradermally. A wheal and soon a small area of edema will 
develop in a sensitive person within half an hour. 

Clinical evidence indicates that the toxicity of the more important 
drugs are (from low toxicity to high) : pentobarbital, amytal, pheno- 
barbital, barbital. The toxicity of the various barbitals varies, however, 
with method of administration, and solubility often modifies the de- 
pressant action of some of the barbital derivatives. 

The following list, collected by Scarlet and MacNab (1935), represents 
a fairly accurate statement of the distribution of barbiturate poisoning. 


Veronal 

247 

Dial 

4 

Medinal 

5 

Nembutal 

5 

Allonal 

17 

Amytal 

5 

Luminal 

41 

Phanodorn 

1 


Hambourger (1939) ^ves the following statement after making a 
study of the use of barbiturates. 

**More than 1,200, 000, (K)0 grains of barbituric acid derivatives were 
sold in tlie United States in 1936. The total number of suicidal deaths 
by the barbiturates in the United States in 1936 was probably close 
to 300. The probable number in 1937 may liave approached or even ex- 
ceeded 400. jPor the five years 1932*1936 the national incidence of 
suicidee by barbiturates represents 4.2 per cent of all poisons (except 
gas) and 0.60 per cent of all methods used for suicide.'’ 
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Necropsy Fwidings,^^ — In acute poisoning nothing characteristic may be 
seen grossly. When life is prolonged for a number of days there is cy- 
wosisi congestion of the viscera, with hyperemia and edema of the men* 
inges and perivascular hemorrhage. The heart is dilated and the lungs 
are congested and edematous and frequently show patches of pneumonia 
as a result of prolonged coma. Atelectasis and pulmonary abscess occur. 
The kidneys show degeneration of the convoluted tubules and petechial 
hemorrhages in the pelvis. The liver shows fatty degeneration. Capillary 
conjugation and hemorrhage may be found in the gastrointestinal tract. 
The brain, liver, kidneys, and spleen contain large amounts of the drug, 
and in fatal cases these organs should be saved for the toxicologist. 

Chronic Poisoning . — Habituation to the drug is readily acquired. 
The symptoms of chronic poisoning are: anorexia, headache, weakness, 
psychoses, visual disturbances, anemia and renal damage, constipation, 
loss of memory, vertigo, and vague heart symptoms may be present. 
Treatment should be given at an institution. Symptomatic treatment 
may be indicated, such as codeine for headache, bromides for psychoses, 
physiotherapy, exercise, fresh air, and diet for general health. 

Therapeutic Uses. — In general, barbiturates are used in securing calm* 
ness and sleep, to suppress convulsions, and for partial anesthesia. Seda* 
live doses are not analgesic, but the addition of other analgesics renders 
them more effective, presumably by the reduction of apprehension of 
pain. 

These drugs are usually administered by mouth in the form of powders, 
capsules, or tablets. They should be followed by hot fluids, such as 
milk or beef tea. Soluble barbital and soluble phenobarbital may be 
given intravenously or intramuscularly. Their intravenous use should 
be limited to conditions in which the oral route is contraindicated. The 
intravenous route should be used (1) if the patient is unconscious; (2) 
in general anesthesia; (3) in delirium, and (4) in conditions in which 
prompt action is of primary importance. Solutions of the soluble com- 
pounds break down too rapidly to enable them to be prescribed in bottle 
form. When the soluble salts are administered in capsules, they seem 
to accentuate the period of mild excitement which often precedes 
barbiturate hypnotic action; thus they have no advantage over the 
insoluble forms. 

When administered intravenously, by rectum, intramuscularly, or 
intraperitoneally, the soluble salts are employed in 5 to 10 per cent 
physiological saline solution. Intramuscular or subcutaneous injections 
are likely to be followed by local irritation. 

Hypnotic . — The barbital compounds are employed to produce sleep, 
particularly when insomnia is not the result of pain. Barbital or 
phenobarbital produces six to eight hours of sleep with little after effect 
except when ^ven in large doses. With other barbiturates, such as 
{>entobarbital, the action is shorter — three to six hours. 

For insomnia: 

R 

Barbital — 2.00 Gm. (Jss) 

Pone in capsulas No. vj. 

8ig.: One in hot milk at bedtime. 

As a Sedative , — ^Barbiturates are extensively used to allay nervous ap- 
prehension. In nervous vomiting of pregnancy 0.06 to 0.12 gram (1 to 
2 grains) an hour before feeding and at bedtime is indicated. In 
maniacal conditions, such as delirium tremens, pentobarbital or sodium 
amylal may be given In doses of 0,24 to 0,48 gram (4 to 8 grains). 
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A sedate often hringe prompt relief <n case of colio in infante. 
Sodium phenob^bital is the sedative of choice (Neff, 1040) ; it may be 
given safely, basing the dosage on the age of the child. Administer 
regularly every four hours for several days if necessary. In writing the 
prescription, the physician should remember that an ounce of the usual 
liquid makes only 6 or 7 teaspoonfuls of standard size. 

As sedative in colic: 

Phenobarbital (sol.) 0.25-0.40 Gm. (gr.iiiss-vss) 

Peppermint Water 15.00 cc. (fSss) 

Aromatic Elixir q.s. ad 90.00 cc. (fSiij) 

M. Sig.: One teaspoonful every four hours before 
feeding. 

In the Treatment of Epilepsy. — Phenobarbital should be used drst in 
the treatment of adults with grand mol attacks because of the high in* 
dex of therapeutic efficiency and the relatively low toxicity of the drug. 
Dosage: In treatment with phenobarbital a reservoir of the drug is es- 
tablished in the system and kept at a constant level by frequent admin- 
istration. Since excretion is slow this can be accomplished by adminis- 
tering the drug once or twice daily. The initial dose for an adult should 
be at least grains (0.1 Gm.) daily. Increase dose to 2% grains 
(0.15 Gm.) daily if the smaller dose is ineffective. If attacks continue 
further, increase of % groin (0.05 Gm.) increments can be made until 
a maximum of 6 grains (0.4 Gm.) three times daily is reached. 

Barbiturates may be used in all forms of conimlsions, tetanus, strych- 
nine poisoning, eclampsia, cocaine poisoning, and insulfii overdosage. The 
dose is the same — 0.24 to 0.48 gram (4 to 8 grains) of pentobarbital or 
0.42 to 0.72 gram (7 to 12 grains) of amytal given slowly by vein. 

As an Analgesic. — Barbiturates are often administered with other 
drugs for relief of pain. 

Amnesia and Analgesia in Obstetrics. — As soon as the patient enters 
the hospital, preferably before the pains are too strong, 0.4 to 0.5 
gram (6 to 7% grains) of pentobarbital may be given orally. At the 
same time 0.Ck)04 gram (Viw) of scopolamine should be given 

hjrpodermically. These drugs act rapidly and, if the room is darkened, 
the patient should sleep between pains. None of the barbitals can be 
regarded as ideal for obstetrical use. 

Migraine, Neuritis, Neuralgia. — Barbital is especially valuable in the 
treatment of headache, neuralgia, and various nervous disorders. 

For migraine: 

B 

Barbital 

Acetophenetidin 

Acetylsalicylic Acid 0.65 Gm. (gr.x) 

Ft. cap. No. vj. 

Sig. : One every two hours as requi«^. 

Anesthesia . — ^Barbiturates are rarely employed as the chief anesthetic 
agent because of the prolonged sleep, lack of control of the agent when 
it is once given, and because of the risk of pulmonary complications. 
Safe^ can be attained by small doses supplemented by volatile anes^ 
thetSea. 

Premedieation . — ^Amytal and pentobarbital are indicated as pieanes* 
thetie sedatives. On account of its unusually wide margin of safety. 
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nembutal is considered by some the best, especially as a preliminary 
drug to nitrous oxide or ethylene. It may be given orally, rectally, 
and intravenously. 

Procedure: Administer the barbiturate the evening preceding the 
operation, to insure rest. If pentobarbital sodium is used, give in 
capsules, 0.1 Gm. (1% grains). Give a second dose 0.1 to 0.2 Gm. 
(1% to 3 grains) two hours before operation, and repeat one hour 
before the operation if necessary. The last dose is usually accompanied 
by 10 mg. (% grain) of morphine, and 0.4 mg. (Viso grain) of atropine, 
hypodermically. 

In local anesthesia the barbiturates have the additional advantage 
of being prophylactic against acute poisoning by cocaine and pro- 
caine. 


IMPORTANT BARBITURIC ACID DERIVATIVES 

There are a hundred or more barbituric acid derivatives. All of 
these compounds augment the action of analgesics and possess a 
wide margin of safety, but they are slower acting than chloral 
hydrate. They produce no irritation. Barbital, barbital sodium, 
pentobarbital sodium (nembutal) and phenobarbital (luminal) are 
widely used barbiturates. Thiopental (pentothal) is used almost 
exclusively for intravenous anesthesia. ^ 

Barbital and Barbital Sodium 

Barbital, or veronal, is a white, crystalline powder, soluble in water 
(1:150) and in alcohol (1:14). Barbital, 8 to 10 grains, administered 
in a hot liquid is an efficient hypnotic. It promotes rapid action, in- 
duces normal sleep, does not affect the heart, circulation, or kidneys, 
and is free from after effects. Small doses induce sleep, apparently 
with little other effect, and are relatively safe. Large doses have caused 
death. Skin eruptions from repeated use of this drug are common. 

Barbital is excreted slowly in the urine; thus repeated administration 
may result in poisoning. It should not be administered for longer than 
a week at a time. Barbital may be given in pills, tablets or capsules. 

Ba/rhital sodium is soluble in water (1:15). It is rapidly absorbed, 
and rapidly excreted. Soluble barbital may be given by mouth, by 
rectum, or h 3 rpodermically. It is preferably given by mouth. In 
emergency cases the sodium salt may be injected intravenously. Its 
actions and uses are the same as those of barbital. 

Preparations 

Barbital, Barhitalum, U.S.P. Dosage: 0.3 Qm. (5 grains). Bar- 
hitonum, B.P., 0.3-0.6 Qm. (5-10 grains). 

Barbital Sodium, Barhitalum SodicuMf U.S.P. Dosage: 0.3 Gm. (5 
grains). Barhitonum Soluhile, B.P., 0.3-0.6 Gm. (5-10 grains). 
Barbit^ Sodium Tablets, Tahellae Barhitali Sodid, U.S.P. Dosage: 
0.3 Gm. (5 grains). 

Pbenobarbital and Phenobarbital Sodium 

Phenobarbital, or luminal, in doses of one to three grains, produces 
sleep without depression of respiration or circulation, and does not 
harm the kidneys or stomach. Phenobarbital is used as a hypnotie 
in nervous insomnia and in conditions of excitement of the nervous 
system, such as chorea, and in neurasthenia, cardiac and gastric 
marom$0 elimaeterie disorders, dysmenorrhea, and preoperative and 
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postoperative cases. It is used with excellent success as a sedative 
and antispasmodio in epilep^. It is a white bitter powder insoluble in 
water. It is best administered in capsules or powders. 

Phenobarbital sodium has actions and uses similar to those of bar- 
bital but has the advantage of being soluble in water and alcohol. 
Enormous doses have been given. The drug in large doses kills by 
respiratory paralysis. No renal injuries or gastric disturbances have 
been observed following its use. 

Sodium phenobarbital may be administered hypodermically in the 
form of a 20 per cent solution, prepared by dissolving the salt in boiled 
and cooled distilled water. It may be given hypodermically in doses of 
0.1 to 0.3 Gm. (IV^ to 5 grains). Caution , — Aqueous solutions are not 
stable on standing; on boiling, a precipitate occurs. 

Phenobarbital and soluble phenobarbital may be administered over 
long periods of time without cumulative poisoning. Prolonged use, how- 
ever, may cause development of skin rashes. 

Preparations 

Phenobarbital, Phenoharhitalum, U.S.P. (Phenylethylmalonylurea, 

PhfMioharbitone). Domtfe: 30 mg. ^ grain). Phvnoharhiton- 
«m, R.P. Dosage: 0.03 0.12 Om. ( grains). 

Phenobarbital Hodium, Phenoharhitalum Sodicum, U.H.P. Dosage: 30 
mg. grain). Phcnoharhitonum Solubilc, H.P. Dosage: 

0.03*0.12 Gm. (Vi'2 grains). 

Phenobarbital Elixir, Elixir Phenoharhitali, U,8,P, Phenobarbital 
(0.4%) in sweet orange peel tincture, amaranth tincture, alco- 
hol, glycerin, syrup and distilled water. Alcohol content al>out 
14 per cent. Dosage: 4 cc. (1 fluidrachm). 

Phenobarbital Tablets, Tahcllae Phenoharhitali, U.S.P. ^^sual size 
contains 15 mg., 30 mg., and 100 mg. 

Phenobarbital Sodium Tablets, Tahellae Phenoharhitali Sodici, U.S.P. 
The u.««ual sizes contain 30 mg. and 100 mg. 

Amytal and Sodium Amytal 

Amytal, or iso-amylethyl barbituric acid, is a white, crystalline sub- 
stance, soluble in alcohol and slightly soluble in cold water. It pro- 
duces a hypnotic effect which comes on more rapidly than that of 
either barbital or phenobarbital, but the effects are of shorter dura- 
tion. The effects of barbital persist for from twenty-four to forty- 
eight hours, of phenobarbital from thirty-six to seventy-two hours, 
while those of amytal persist for only twelve to eighteen hours. It is 
given orally as a sedative in water or hot milk, 0.02 to 0.04 gram 
(M to % grain), two or three times daily; as a hypnotic, 0.1 to 0.3 
gium (1^ to 5 grains) may be administered one-half hour before 
retiring. For pretnedicatUm (because of its shorter duration of 
action) 0.2 to 0.6 gram (3 to 10 grains) should be used. As an anti- 
spasmodio in tetanus, 0.4 to 0.8 Gm, (6 to 12 grains) may be required 
to control convulsions. 

Amytal Sodium is similar to amytal but is soluble in water. It is 
probably used for premedUsatum to anesthesia more than all the oUier 
barbiturates combined. The profuse sweating with ether alone is 
absent when sodium amytal is used. The pupils remain moderately 
contracted. Idiosyneraslee are rare, but its use is not advised in 
old and debilitated persons. It may be used Intravenously, intra- 
muscularly, subcutaneously, orally, and recUlly. The sedative dose 
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is 0.2 gram (3 grains) repeated every six hours. For premedication, 
0.2 to 0.6 gram (3 to 10 grains). 

Preparations 

Amytal, N.N.B. Dosage: 0.02 to 0.04 Qm. (% to % grain) as sedative; 

0.1 to 0.3 Gm. (1% to 5 grains) as hypnotic. 

Amytal Sodiam, N.N.R. Dosage: As sedative or hypnotic 0.2 Gm. 
(3 grains), repeated if necessary at intervals of six hours. 

Pentobarbital Sodium (Nembutal) 

Pentobarbital Sodium, nembutal, or sodium ethyl (l-methylbutyl) 
barbiturate, is an excellent short-acting drug, the duration of action 
being from three to six hours, with some degree of effect lasting for 
from six to twelve hours. It is a white crystalline powder, soluble in 
water. When given orally or rectally, postoperative sequelae are less 
marked. The blood pressure falls less than with amytal or pemocton. 

It may be used as a sedative prior to local, general, or spinal anes- 
thesia. For these purposes it should be administered only by those 
familiar with its use. It may be administered by mouth or rectum; 
it ma^ be given by vein only in conditions in which oral administra' 
tion IS contraindicated, because the patient is unconscious as in 
cerebral hemorrhage, eclampsia or similar conditions, or because very 
prompt action is necessary. It is used in dosages of 0.097 to 0.195 gram 
(11^ to 3 grains), given orally thirty to forty-hve minutes before op- 
eration. For hypnotic use, 0.1 gram (I 14 grains) is indicated. Bectally, 
for analgesia: for infants up to 1 year, 0.03 Gm. (% grain); up to 
3 years, 0.00 Gm. (1 grain) ; for adults, 0.32 to 0.38 Gm. (5 to 6 grains) 
dissolved in a little water. 

Preparation 

Pentobarbital Sodium, Tentoharhiialum Sodicum, U.S.P. Dosage: 0.1 
(till. ( 1 Lj grains 1 . 

Pcnt<»V>urbital Sodium Capsules, Capsulae FfnioharhitaU Sodici, U.S.P. 

I'sual sizes contain 30 mg. ami 100 mg. 

Pentobarbital Sodium Tablets, Tahellae Pentoharhitali Sodici, U.S.l*. 
Usual .*«izes contain 30 mg., 50 mg., and 100 mg. 

OTHER BARBITURIC ACID DERIVATIVES 

Alurate and Sodium Alurate. — Alurate and sodium alurate have essen- 
tially the same action as barbital, but are used in correspondingly smaller 

doses. For mild cases of insomnia, 65 mg. of alurate may be given 
at bedtime. In obstinate cases, 0.13 Gm. may be given. The soluble 
alurate, sodium alurate, is useful for oral or rectal administration, 
particularly in premedication. For premodication use 1 grain per 
15 pound.H of body weight (10 mg. per kg.). One-third of this dose 
is given twelve hours before operation; the remainder, two hours 
before operation. 

Dial, diallylbarbituric acid, occurs as a fine white crystalline powder, 
with a bitter taste, slightly soluble in cold water and very soluble in 
alcohol. The actions and uses are essentially the same as those of 
barbital, but dial is more active than barbital, and it is used in cor- 
respondingly smaller doses. Therapeutic doses act on the higher centers 
of the brain and have no untoward action on respiration or circulation. 
The hypnotic action is induced from one-half to one hour. Dosage: 
sedativer— 0.03 Gm. (% grain) three or four times daily; hypnotic-* 
0.1 to 0.3 Gm. (IH to grains) one-half to one hour before sleep 
is desired. 
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Htxolwrliital SoluMe (Evipal Sadium)| see under Intravenous 
Anesthetics. 

Probarbital Calcium (Zpral Oalcium). — Calcium ethylisopropylbar- 
biturate has a therapeutic nature like that of barbituric acid. It is 
soluble in water (1:40)| but insoluble in alcohol. It is rapidly ab- 
sorbed. Therapeutic doses affect only the higher centers, with little 
effect on the heart or circulation. It is used as a hypnotic to combat 
restlessness and insomnia. It is claimed that tolerance to the drug 
develops very slowly. Its action may persist to produce hypnotic 
action the following evening after the first administration. Dosage: 
From 0.12 to 0.25 Qm. (2 to 4 grains) followed by a cupful of hot 
water. 

Probarbital Sodium (Ipral Sodium) is the sodium salt of 5-ethyl-5- 
isopropylbarbiturate. It has the therapeutic properties of barbituric 
acid. It is soluble in water and promptly absorbed and rapidly ex- 
creted. It is indicated as a hypnotic to combat restlessness, irri- 
tability, and sleeplessness. Its action is thought to be quite per- 
sistent, and tolerance to its use is not readily developed. 

NOonal. — Neonal, or butylethylbarbituric acid, is three times as 
active as barbital. It is a white crystalline powder soluble in alcohol 
(1:5), but insoluble in cold w'ater. It accentuates the action of 
analgesics when administered in doses of 0.0.5 to 0.4 Om. (9i to 6 
grains). 

Hostal, or 5-isopropyl-5‘)3-bromallyl barbituric acid, possesses ac- 
tions and uses essentially the same as barbital. Dosage: As a seda* 
tive: 50 mg. to 0.1 Gm. As a hypnotic: 0.1 to 0.3 Gm. ; for chil- 
dren, 50 mg. to 0.1 Gm. according to age. Administer wdth a hot 
drink. 

Ortal Sodium, or sodium d-i^-hexyl-fi-ethyl barbiturate, has actions and 
uses essentially the same as those of barbital, but ortal sodium is more 
active than barbital and is used in correspondingly smaller doses. 
Dosage: From 0.2 to 0.4 Gm. (3 to 6 grains) with glass of hot water. 

Pemostos, 5-sec. butyl-5-i3-broma]yl barbituric acid, is a powerful 
hypnotic which has twice the strength of sodium amytal. It is rap- 
idly absorbed and quickly destroyed by the body. It is used to com- 
bat insomnia due to emotional strain and nervous irritability. 
Therapeutic doses are apparently not harmful to the vital organs. 
One tablet (3 grains) in a warm drink, one-half hour before sleep is 
desired, is recommended. It is also recommended for premedication 
by the intravenous route. The dose should be 0.7 to 0.8 mg. per Kg. 
of body weight. 

Pemoston Sodium, the sodium salt of pernoston, possesses effects 
like those of pernoston, but the effects are induced almost immedi- 
ately after injection. It is used when oral administration is contra- 
indicated. 


The contraindications are those of the ordinary barbiturates plus 
congestive heart failure, anoxia from pulmonar>'' disease, asphyxia, 
anemia, and respiratory disturbances from diseases of the central 


nervous system. Dosage: One cc. of a 10 per cent solution (ampuls) 
pm* 12.5 Kg. of body weight by vein at the rate of 1 cc. per mmnte. 
llie intramnseular dose is the same as by vein. 

Pliaiiodoni^Fhaaodoni, eyclobarbital, is similar to barbital in that 
It accentuates the action of analgesics. It is a white, crystalline 
powder Mduble in alcohol (1:5), but insoluble in water. It is indicated 


for sedative action in nervous insomnia, psychoses, and kindred 
ailments. Kliminatiim is rapid, and the effect does not last long. 
Pasagss Prom 0.1 to 0.4 Gm. (1^ to 6 grains). 
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Saadoptal, or 5-i80butyl>5-allyl barbituric acid, possesses the action 
and uses as ascribed to barbital. Dosage: for mild insomnia, 0.2 Gm.; 
for obstinate cases of insomnia, 0.4 to 0.8 Gm. 

Seconal Sodium, sodium allyl (methyl propyl carbonyl) barbitu- 
rate, is a short acting barbiturate, possessing actions and uses not 
unlike those mentioned for barbitaL It is more actiye than barbital and 
is administered in corresponding small doses. Dosage: The average 
adult dose is from 0.1 to 0.2 Gm. (1^ to 3 grains). Smaller doses 
are sedative while larger doses are hypnotic. The dose for use in 
ohstetrios is 3 or grains (0.3 Gm.) followed by to 3 grain doses 
at intervals up to a total of not more than 12 grains within twelve 
hours. Preanesthetic Agent — 3 to 4% grains one-lialf to one hour be- 
fore administration of general anesthetic. 

Vinbarbital Sodium is sodium 5-ethyl-5-(l-methyM-butenyl) bar- 
biturate. The Indications are much the same as for barbital. It 
has a short period of induction and a moderate duration of action. 
Its toxic reactions are much the same as the other barbiturates. 
Dosage: 32 mg., repeated three to four times daily, is the sedative 
dose ; as a sedative and hypnotic, 0.1 Gm. to 0.2 Gm. ; as a preoperative 
hypnotic, 0.1 Gm. to 0.2 Gm.; in psychiatric cases, 0.1 Gm. to 0.4 Gm. ; 
for obstetric sedation and amnesia, 0.2 Gm. to 0.4 Gm. with or with- 
out scopolamine. Give children correspondingly smaller doses. 

Relative Efficiency of Barbituric Drugs 

Unfortunately it is extremely difficult to estimate the relative 
merits of the barbiturates, because much of the evidence is unreliable 
and conflicting. Grabfleld believes that none of the barbiturates is 
superior to barbital. 

Phenobarbital and soluble phenobarbital produce a longer action 
than other barbiturates, and hence are indicated for the treatment of 

Table IX 


ACTION 

DRUG 

DOSE 

f 




ORAM 

GRAIN 

1 

r Phenobarbital (Luminal) 

0.03-0.12 

%-2 

Ung -j 

Barbital (Medina!) 

0.3 -0.6 

5-10 

L (Veronal) 
fNeonol 

0.06-0.1 




Dial 

0.1 -0.3 



Probarbital Calcium 

0.12-0.25 

2-4 

Intermediate^ 

Probarbital Sodium 

Alurate 

0.12-0.25 

0.06-0.13 

2-4 

1-2 


Nostal 

0.05-0.1 



Amytal 

•0.02-0,3 



.Sandoptal 

0.2 -0.8 

3-12 


r Pentobarbital (Nembutal) 

0.1 -0.2 

1V4-3 

Short H 

1 Phanodorn 

0.1 -0.4 

lV4-« 

Seconal Sodium 

0.1 -0.2 

l%-3 


LOrtal-sodium 

0.2 -0.4 

3-6 

Ultra short 

rHexobarbital Sodium 

0.25-0.5 

4-8 

< Thiopental 

tO.l -0.15 

l%-2 


1 (pentothal) 




•Sedative to hyjmotio. 

tlnjeoted intravenously in 6 per cent eoluUon in 10 to 15 seeonda 










356 MATKRIA MEDICA. TOXICOLOGY. AND PHAKMACOLOGV 


epilepi^. Barbital and aolable barbital hare a slightly shorter action, 
and are widely used as h 3 rpnotics. Amytal and nembutal (pen to* 
barbital) are short-acting drugs and are indicated for premedication. 
Hexobarbital and thiopental are very rapid-acting barbiturate. See 
Intravenous Anesthesia. 

Tatum classifies the barbiturates according to the duration of action. 
While there are borderline cases, this classification is sufficiently prac- 
tical to be of value to clinicians. This classification, slightly modifi^, is 
shown in Table IX. 

SEDATIVES 

Sedatives are drugs which allay excitement and reduce motor activity 
ndthout necessarily inducing sleep. Small doses of hypnotics usually 
produce sedative action. The line of demarcation between hypnotics 
and sedatives is not definite by any means. The following drugs will 
be discussed under sedatives: bromides, compounds containing bromine, 
cannabis, scopolamine, hydantoin derivatives, and tridione. 

bbomidbs 

The bromides were introduced for the treatment of eptlep.sy in 1853 
and have since enjoyed an important place in drug therapy. 

Phannacologlcal Action. — Bromides are sedative, h 3 rpnotic, anodyne, 
and antispasmodic. They are rapidly absorbed from the stomach and 
intestines, and are excreted almost entirely in the urine. The drug is 
chiefly eliminated in the saliva, sweat, and milk. The administration 
of eight grains per day for two weeks may establish an equilibrium 
in which absorption and excretion are equal. When equilibrium is 
reached, one-fourth to one-third of the chloride in the serum has been 
replaced by bromide. The administration of sodium chloride there- 
fore accelerates the elimination of the bromides. The urine, following 
the use of bromides, shows an excessive amount of chlorides. When 
bromides are given continually, hydrobromic acid is said to appear in 
t^ gastric juice. 

Action on the Nervous System . — Bromides cause a general depression 
of the entire nervous system, except the medulla. 

Action on Cerebrum . — Therapeutic doses cause the special senses to be- 
come less keen, the mind to become dull, and the sense of pain diminished. 
Large doses produce drowsiness and sleep. Sleep after large doses is not 
refreshing and is followed by drowsiness. Bromides are not directly 
hjrpnotie in the same way as morphine, but permit sleep by depressing 
the sleep center and excluding disturbing stimuli. After administration 
of bromides the motor areas of the cerebrum are depressed, voluntary 
movement becomes sluggish, and cerebral convulsions of epilepsy are 
often prevented. 

Action on Respiration . — ^Therapeutic doses have little elTect on the 
nervous system but large doses depress the cough reflex and lessen the 
tone of the respiratory muscles. 

Spinal Cord . — The spinal cord is depressed as shown by diminished 
reflexes. The effect of bromides is opposite that of strychnine; there 
is some evidence that the site of action may be the same. The depres- 
sion of the reflexes lowers the general muscular tone throughout the 
body; there is depression of the sexual reflex but not of the bladder 
refl^ The reflexes are reduced, and in man, the drug abolishes the 
induction of nausea and vomiting caused by reflex stimulation of the 
huk oi the throat 
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Action on Circulation. — Therapeutic doses have little effect on the 
circulatory system. Large ^oses depress the heart and the vasoeonstric' 
tor center. Potassiuhi bromide, given by vein, depresses the heart 
due to the potassium ion, a heart depressant. When given by mouth, 
potassium bromide has little effect on the heart because of rapid 
excretion. 

Mechanic of Bromide Action. — A theory has been suggested by Wyis 
that bromides act by displacing chloride from the body. The theory 
does not adequately explain the action. There is considerable direct 
evidence that the bromine ion acts on the nervous system. Greater 
bromide action is obtained by decreasing the chlorides in the diet which 
tends to aid in the elimination of the bromine ion. One observer found 
that all inorganic bromides had a characteristic action in animals, an 
action that was absent when organic bromides and bromates were used. 

Toxicolo^. — Acute Poisoning. — The clinical picture of bromide in- 
toxication is essentially an organic reaction type; however, the symp- 
toms vary, depending on the psychic make-up of the patient. The pa- 
tient is usually in an enfeebled state. The breath has a sweetish odor, 
the tongue is coated, and speech is thick and slurred. Ataxia and in- 
coordination are usually present. The pupils are usually dilated and 
sluggish to light. They react to accommodation. Tachycardia (120 to 
140) is frequent and a temperature of 100® to 103® F. is often present. 
Reflexes may be sluggish or even absent in severe cases. Occasionally, 
a bromoderma is present, and any sudden onset of acneform lesions 
should at once cause one to su.spect bromoderma. Memory impairment, 
delirium, and disorientation may accompany bromide toxicity. 

Treatment of Acute Poisoning. — Therapy of bromidism consists of dis- 
continuing bromides, forcing fluids, and giving an adequate diet and 
additional sodium chloride. In severe cases administer large amounts 
of sodium chloride. Parenteral saline is indicated in severe cases. 
Treatment should correct the dehydration and malnutrition as well as 
eliminate bromides and restore chlorides to the body. Later, attention 
should be directed to an underlying mental disorder so characteristic of 
bromidism. Blood levels above 150 mg. per 100 cc. constitute the toxic 
2 one, although some patients are poisoned with lower levels and a few 
can tolerate much higher concentrations. 

Prognosis. — The mortality rate is well under 1 per cent. Most 
deaths are due to pneumonia as a complication. 

Chronic Bromide Poisoning. — Long-continued use of the bromides 
in large doses leads to serious mental depression and nutritional dis- 
turbances. The usual signs of such disturbances are: foul breath and 
coated tongue, acne or other clmraeteristic skin lesions, mental dullness, 
slowing of speech, slow pulse, and ataxia. This condition is^ furly 
common. There may be psychic difficulties and some behavioristic 
peculiarities. The skin lesions are usually papular in form and have 
a predilection for the face, back of neck, and shoulders. Treat by 
stopping drug and administering sodium cliloride. Administer 6 to 8 
grams of sodium chloride by mouth. In the early stages of the delirium, 
omit sodium chloride, as it liberates bromides, making the condition 
worse. 

Some patients develop toxic symptoms early and are unable to take 
the drug regularly on account of tlie skin lesions or effect on the intellect, 
yet others may take the drug for years with no apparent ill effects. 
Archinaud reported a case in which the patient had taken 45 grains a 
day for twenty years without inconvenience or apparent ill effects. 

Tlierapeutic XTses. — The bromides are used to depress the nervous 
system in conditions such as epilepsy, to allay nervous vomiting, and to 
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decrease sexual hyperesthesia. They are also a valuable aid in the 
management of tension states, anxiety, and insomnia. They have been 
extensively used in the treatment of epilepsy, although recently they 
have been replaced to a large extent by phenobarbital and dilantin. 

The bromides may be administered either by mouth or by rectum. 
When diluted, the bromides are fairly palatable, but they are best 
prescribed in solution in prescriptions containing peppermint water, 
aromatic elixir, etc. Milk entirely disguises the taste of the drug. 

Sedative . — ^Bromides are chiefly used as sedatives to produce sleep 
when insomnia is due to worry, excitement, or pain. Their pain>relieving 
quality is limited, but they are combined with more active anodynes, 
such as codeine, for synergistic action. They are often prescribed witli 
chloral hydrate to induce sleep or to relieve convulsions. In the treat- 
ment of status epileptious bromides may be given in a large dose of 4 
to 5.3 grams (60 to 80 grams). 

The bromides of potassium, ammonium, and sodium are identical in 
action except for the ammonium ion which causes a somewhat greater 
stimulation. The potassium ion depresses the heart, while the sodium 
ion is neutral in effect. Ammonium bromide liberates bromide on ex- 
posure to air, which is a serious objection. The long-continued use of 
bromides, as in epilepsy, may disturb the cation balance of the body, 
thus a mixture of bromides (KBr:NaBr:NH 4 Br} may be of value. 
Potassium bromide is useful for quieting nervous excitability in neuras- 
thenia and hysteria. 

In the treatment of skin diseases, the bromides, preferably a mixture 
of the salts of sodium, potassium, and strontium, are the most satisfac- 
tory (Sutton). Fairly large doses (2 to 7 Qm.) with plenty of water, 
every three to six hours, should be given until physiological effects are 
secured. It is unwise to continue the administration of this com- 
paratively harmless agent over long periods of time. 

As sedative: 

B 

Sodium Bromide 8.00 Gm. (3ij) 

Aromatic Elixir q.s. ad 30.00 cc. (f Jj) 

M. Sig.: Teaspoonful in water every three hours as required. 

For whooping cough (pertussis) : 

B 

Sodium Bromide 4.00 Om. (Sj) 

Chloral Hydrate 4.00 Gm. (Sj) 

Orange Syrup q.s. ad 60.00 cc. (fSij) 

M. Sig. : One teaspoonful for a child of 4 years. 

BpUepsy . — ^Bromides are especially indicated in epilepsy. In recent 
years phc^barbital has been successfully used. For epilepsy, convul- 
rions, tetanus, and strychnine poisoning a dose of 15 grams (% ounce) 
is administered by month or rectum. To prevent epileptic convulsions 
doses of 6 to 10 grams (90 to 150 grains) may be used daily for 
years. 

Mioraiwx. — T he continuous administration of bromide is often used. 
Beehtereir’s prescription: 

B 

Sodium Bromide 30.00 Gm. (8J) 

Fowler’s Solution — 4.00 ce* (3j) 

Infusion of Adonis Vemalis qjk ad 500.00 cc. (oj) 

BL Sig.: One tablespoonful three times a day after meals. 
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Note: From time to time a blood bromide determination should be 
made and the amount ^in the blood should not exceed 175 mg. per 
cent. Pigmentation o'f the skin and keratosis should be watched 
for and also any other indications of arsenical intoxication. 

Antmnetie * — ^Bromides are indicated to check yomiting in seaidckness 
and in sickness of pregnancy. 

AnaphrodUiao . — ^As an anaphrodisiac to lessen sexual hyperesthesia 
such as found in chordee, following circumcision^ etc., bromides are 
indicated in doses of 2 to 4 grams (30 to 60 grains) . 

Pyelography , — ^Recently sodium bromide has been used in x-ray 
therapy. It causes less discomfort than the iodides and gives good 
results. 

The widespread use of bromides has prompted a study of the com- 
parison of bromides and barbiturates (Barnett, 1939). It would appear 
that bromides are to be preferred for sedation because: 

1. Margin of safety greater for bromides. 

2. Recovery is more rapid and complete after bromide administration. 

3. Bromides do not produce tolerance or habit formation. 

Pbeparations 

Sodium Bromide, Sodii Bromidum, TJ.S.P., B.P. Dosage: 1 Gm. (15 
grains) . 

Three Bromides Elixir, Trium Elixir Bromidorum, N.F. Bromides of 
ammonium, potassium, and sodium (each 8%) in aramanth 
solution and compound bensaldehyde elixir. Absolute alcohol 
content about 4 per cent. Dosage: 4 cc. (1 fluidrachm). 
Sodium Bromide Elixir, Elixir Sodii Bromidi, N.F. Sodium bromide 
(17.5%) in syrup, water, and aromatic elixir. Absolute alcohol 
content about 6 per cent. Dosage: 4 cc. (1 fluidrachm). 
Potassium Bromide, Potassii Bromidum, U.8.P., B.P. Dosage: 1 Gm. 
(15 grains). 

Ammonium Bromide, Ammonii Bromidum, N.F. Dosage: 1 Gm. (15 
grains). 

OOldPOXmDS CONTAINING BROMINE 

Synthetic compounds containing bromine have been produced, hoping 
to secure the sedative action of the bromide ion without the objection- 
able effects of the alkali bromides. These compounds slowly split off 
bromine ions in the system by oxidation of the organic substance with 
which it is combined, but bromine may be so firmly bound as not to 
exert its typical effects. The introduction of bromine into compounds 
already possessing hypnotic or sedation powers may result in increasing 
the efftciency of these compounds. 

Oarbromal, bromdiethylacetylurea, (CtHft)sCBr.CO.NH.CONHa, is an 
efficient and prompt sedative, reducing excitement and promoting sleep 
in conditions in which a powerful hypnotic is not required. In 
therapeutic doses it produces a restful sleep, dreamless and free from 
unpleasant side effects and sequelae. Such doses are said to exert no un- 
favorable action cm respiration or heart action. 

Oarbromal is Indicated as a sedative and mild hyjinotic in neuras- 
thenia, hysteria, neurosis with tachycardia, chorea, insomnia due to 
various internal diseases, mental disorders, and similar conditions. 
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Dosage: sedative — from 0.3 to 0.6 Gm. (5 to 10 grains) in water, 
three or four times daily if necessary; hypnotic — from 0.6 to 1.3 Qm. 
(10 to 20 grains) in hot water or tea. 

Bromur^ 2-monobromi80vale^lurea^ (CHa.CH(OHt)CHBr.CO) HN.- 
CO.NH„ is a nerve sedative indicated m mild cases of insomnia. It is 
especially useful as a nerve sedative and hypnotic in functional nervous 
disease. Its action lasts for from three to five hours without producing 
any marked effect on circulation or respiration. Bromural is ineffective 
in cases of insomnia associated with pain, cough, or delirium. Dosage , — 
Nerve sedative — 0.3 Qm. (5 grains), three times daily; hypnotic at bed- 
time — 0.6 Gm. (10 grains) repeated if necessary. 

Preparations 

Carbromal, Car browaium, N.F. Dosage: 0.5 Qm. (8 grains), 

Bromural, N.N.R. Dosage: sedative, 0.3 Gm. (5 grains) ; hypnotic, 
0.6 Gm. (10 grains). 

CANNABIS (MABmUANA) 

Cannabis is the dried flowering tops of the pistillate plants of 
Cannabis sativa Linn4. Cannabis indica is a variety of common hemp 
preferred for medicinal uses. An oil, cannabinol, has been found to con- 
tain the active principle. Cannabinol is soluble in alcohol but not in 
water. 

In Mexico and Latin America there has been widespread use of 
Cannabis americana under the name of marihuana. Hashish is another 
name for this drug. This name is supposed to be derived from the name 
Hassein, ^Hhe old man of the mountain,'' who recruited his robber 
band by employing this drug to intoxicate travelers and get them in 
his x>ower. The most common method of using the drug has been in the 
form of cigarettes. The use of the drug has spread rapidly throughout 
the United States since 1935. 

Pharmacological Action. — The mode of action of cannabis is poorly 
understood and the effects are unpredictable. It usually acts as a 
descending depressant of the central nervous system, producing in some 
respects a state resembling alcoholism, with, liowever, a much greater 
tendency toward disorientation and dissociation of personality. The 
exaggeration of time and space is a characteristic of this drug. 

Euphoria or apprehension may be experienced from the use of this 
drug. Some of the sensory perceptions are made hypersensitive while 
others are depressed. Some persons experience n marked sexual stimu- 
lation. 

Toxicology. — The after effects of cannabis are apparently not dis- 
turbing. There are frequent instances of headaches following 
moderate doses. Death is rare even from the taking of large quantities. 
No specifle treatment is recommended for acute poisoning other than a 
through gastric lavage followed by a laxative. Habituation to 
cannabis does not occur in the same manner as it does in the case of 
cocaine, but it apparently occurs. 

Tlierapeutic Uses. — Except for its use as a coloring agent in corn 
cures, cannabis is of little use in therapy. 

SCOPOLABONE (HTOSOINE) 

Scopolamine or hyoscine (CnH^NO^) is an alkaloid obtained from 
various plants of the family solanaceae, including Atropa belladonna^ 
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llyoscyamus niger and others. Although discovered separately, hyoscinc 
and scopolamine are identical chemically. Hyoscinc or scopolamine 
differs slightly from atropind in its formula. 

Pharmacological Action. — Ilyoscine possesses sedative, antispas- 
inodic, anodyne, deli riant, and mydriatic action. Ilyoscine resembles 
atropine in its influence on nerve ending.s, but differs from it in having 
a sedative instead of a stimulating effect on the brain. Ordinarily, little 
or no cardiac acceleration is induced by scopolamine. Moderate doses 
stimulate the vasomotor center, a large dose depresses this center. Large 
doses depress the respiratory center. Scopolamine instilled in the eye 
acts like atropine but more rapidly. The drug should be employed with 
caution, as it may induce a rapid fall of blood pressure and collapse. 

Toxicology. — Hyoscyamus preparations are all toxic. Idiosyncrasies 
are common. The toxic symptoms re.semble those of belladonna, but 
there is a greater tendency to the development of acute mania or 
wild delirium. Treat poisoning by removing the poison by emetics or 
by stomach tube. Tannic acid may be given as an antidote. Pilocarpine, 
^/4 grain (0.015 Gm.), and caffeine and sodium benzoate, 5 grains (0.3 
Gm.), or hot coffee may be given. Pilocarpine is of no value in an- 
tagonizing the central action of scopolamine. Chloral hydrate, 10 
grains (0.6 Gm.), is indicated in delirium. 

Therapeutic Uses . — Cerebral Sedative . — Hyoscinc is used as a cerebral 
sedative in many forms of insanity; it is not used routinely in the 
better hospitals for this purpose. It is used as a synergist to chloral, 
bromides, and other analgesics and hypnotics. It is also used as an 
antispasmodic for whooping cough, asthma, hiccup, croup, and related 
conditions. In various ('ombinations it is indicated for the treatment 
of hysteria, alcoliolic psychoses, etc. 

As a sedative: 

Chloral Hydrate 4.00 Gm. (3j) 

Sodium Bromide 8.00 Gm, (Sij) 

Hyoscyaiiiu.s Tincture 8.00 cc. (f3ij) 

Chloroform Water q.s. ad 30.00 cc. (fSj) 

M. Sig. : Teaspoonful every four hours as required. 

Seasickness . — Scopolamine (hyoscinc) hydrobromide, 0.00016 gram 

(Woo grain), every hour until relief is obtained or overaction appears, 
has proved to be of value in this condition. Strychnine sulfate, 0.001 
gram (Wo grain), is administered if depression follows its use. The 
rationale of this therapy cannot be proved, but clinical evidence shows 
it is effective in many instances. 

Paralysis Agiians. — Hyo.scine seems to have a selective action on the 
lower motor centers and is valuable in treating the tremors. 

Premedication . — As a preliminary to general anesthesia: Scopolamine 
and morphine, given hypodermically one-half hour before the general 
anesthetic, produces a drowsy feeling and lessens the amount of general 
anesthetic needed, diminishes throat and bronchial secretions, and favors 
postoperative sleep. Dose: 0.5 mg, (W 20 g^^in) of scopolamine hydro- 
bromide, and 15 to 30 mg. (W to % grain) of morphine sulfate. In 
obstetrics this combination is known as ^ twilight sleep” because it 
abolishes the perception and the retention in the memory of the pains 
of labor. It depresses the respiration of both mother and child and is 
contraindicated. 
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Drug Habituation, — Scopolamine is used successfully by some in the 
treatment of morphine and alcohol addiction. 

Urinary Sedative. — One of the most common uses is in the treatment 
of pain of urethritis and cystitis. 

In treatment of cystitis: 

n 

Hyoscyamus Tincture 12.00 cc. (fSiij) 

Potassium Citrate 4.00 Qm. (3j) 

Distilled Water 120.00 cc. (fSiv) 

M. Sig. : Teaspoonful in water every three hours. 

Frequent urination due to inflammation or irritation of the bladder 
may be treated by giving 2 cc. of the tincture every hour until relief is 
obtained, or until toxic symptoms such as flushing of the face and 
dryness of the pharynx are evidenced. 

Preparations 

Hyoscyamus, Hyoscyamus, U.S.P. Dried leaves with or without tops, 
yielding not less than 0.04 per cent of alkaloids. Dosage: 0.2 
Qm. (3 grains). 

Hyoscyamus Extract, Extractum Hyoscyami, N.F. One gram extract 
represents about 4 grams of hyoscyamus. Yields about 0.15 
per cent of alkaloids. Dosage: 50 mg. (% grain). Ex- 
traotum Hyoscyami Siccum, B.P. Dosage: grain. 

Hyoscyamus Tincture, Tinctura Hyoscyami, U.S.P., B.P. Hyoscyamus 
(10%) yields about 0.004 per cent of hyoscyamus alkaloids; 
in diluted alcohol. Absolute alcohol content about 67 per cent. 
Dosage: 2 cc. (30 minims). 

Scopolamine Hydrobromide, Scopolaminae Hydrobromidum, U.S.P. The 
hydrobromide of levorotatory scopolamine. Caution. — Scopola- 

mine Hydrobromide is extremely poisonous. Dosage: 0.5 mg. 
(M 20 grwii). Hyoscinae Hydrobromidum, B.P. Dosage: %oo’ 
Moo fif**. 

HYDANTOIN DERIVATIVES 

The hydantoins are built on the formula 
R 

'^C NH 

b/| \c = O 

C N 

I i 

differing from the barbiturates in having an acetic instead of a 
malonie acid residue. The two important derivatives are diphenyl 
hydantoin (dilantin) which is used against epileptic convulsions; and 
phenyl-ethyl hydantoin (nirvanol), which has been used in chorea. 

Diphenylliydaxitoin Sodium (DUantUi) 

lium, U.S.P., is sodium 5, S-diphenyl-hydantoin- 
:N.C:0. Dilantin is derived from hydantoin 


Diphenylhydantoin So< 
ate, Na(CA)»C.NH.CO 
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or prepared synthetically. It is an odorless, white powder with a bitter 
taste. 
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Diphenylhydantoin Sodium 


Action and Uses. — Diphenylhydantoin sodium is an anticonvulsant and 
has been found very effective in the treatment of epilepsy. It is more 
effective in preventing grand maU' attacks and less effective in the 

petit maU’ attacks (Merritt and Pitman, 1940). The action is 
highly selective for the motor cortex. It does not depress other func* 
tions of the brain. 

Diphenylhydantoin sodium is a valuable drug in the treatment of 
epilepsy because: first, it is superior to phenobarbital in some cases; 
second, it has no sedative effect in therapeutic doses; and third, it is 
often a most effective adjunct when used in combination with pheno- 
barbital. 

The dose varies with the patient, and with the appearance of un- 
toward symptoms. Mild symptoms do not contraindicate the use of 
the drug. The daily dose for adults is 0.1 Gm. (1% grains) in a 
half glass of water three times daily. If necessary this dose may be 
increased gradually to 0.2 Gm. (3 grains) three times daily. Children 
above 6 years of age may be given 0.1 Gm. graixis) three times 

daily for one week, after which the dose may be increas^ to 0.1 Gm. 
(1^ grains) four times daily. The drug is more effective if given 
before meals but may be given after meals if gastric irritation occurs. 
Children under four years of age may start with 0.03 Gm. (% grain) 
mixed with cream (to disguise taste and prevent gastric irritation) 
twice a day. Increase dose as required. 

Toxicology. — Though the anticonvulsant value of diphenylhydantoin 
sodium is quite striking, its unpleasant side reactions are very prominent. 
The majority of patients complain of certain troublesome symptoms, 
the more common of which involve the nervous system. These com- 
plaints consisted of tremors and ataxia, a condition which soon passes 
off. Other complaints are blurring of vision, loss of taste, and 
dysesthesias in the mouth. Insomnia and irritability were also im- 
ported. Less frequent but more serious symptoms were those refer- 
able to the skin (toxic dermatitis) and gums (hyperplasia). 

N-Methyl, Phenyletbylliydaiitoin 

N-methyl, phenylethylhydantoin (mesantoin, phenantoin) has re- 
cently been introduced to treat epilepsy, especially grand-mal seizures. 
It appears to lack some of the toxic manifestations of dilantin. 
There is evidence, however, that some patients develop tolerance 
to the drug. Bloom, Lynch, and Brick (1949) reported a case of 
^'mesantoin’’ poisoning with aplastic anemia and recovery. 
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Phenylethylhydantoin 

(Nlrvanol) 

Nirvanol, C,HoC,H,C(CONH)„ produces marked improvement in some 
cases of chorea but often causes febrile and exanthematous reactions. 
Lymphocytosis and eosinophilia usually occur a week or two after the 
beginning of administration of the drug. This drug is little u.se<l 
now. 

TBIMETHADIONE (TBIDIONE) 


This substance is 3,5,5,*trimethyloxazolidine-2-4-dione with the fol- 
lowing formula: 

CH,— N Cr=0 


0=C 


CH, 


/ 


C 


It possesses hypnotic, analgesic, and anticonvulsant properties. 
It causes improvement in 83 per cent of patients, and suppresses 
seizures in 31 per cent. It terminates status epilepticus, but is in- 
effective against grand mal convulsions. Its mode of action is un- 
known. The improvement sometimes persists after cessation of treat- 
ment (Lennox, 1045). In petit mal epileji.sy, the dose re(iuired may 
vary from 1 to 2 Uin. daily, given in divided doses of three to seven 
0.3 Gm. cajisules per day. 

Its toxic symptoms include photophobia, gastric upsets, drow.siness, 
and light-headedness. Blood changes have been reported following 
its use. It should be administered under strict supervision until 
its toxic and therapeutic potentialities are more thoroughly under- 
stood. White fl949) reported an incidence of nephrosis occurring 
during trimethadione therapy. 
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CHAPTER XI 


DRUGS ACTING ON THE CENTRAL NERVOUS 
SYSTEM 

II. DEPRESSANTS (Cont’d)— ANALGESICS, ANTI- 
PYRETICS, AND ALCOHOLS 


ANALGESICS— THE OPIUM ALKALOIDS 


Opium is the dried exudation of the Papaver aomniferwn, a poppj 
which is grown in India, Turkey, Er^t, and Peru. The principal supply 
in the United States comes from Turkey, largely due to the fact that 
opium grown in Turkey meets the requirements of the U.S.P. The 
common red field poppy yields some opium. 

Opium has been used from the earliest times. It was mentioned by 
Theophrastus in the third century b.c. Galen, a famous physician of 
the second century a.d., spoke higUy of the virtues of opium. Laudanum 
(tincture of opium) was originated by Paracelsus ( 1493-1541 ). Powder 
of ipecac and opium (Dover’s powder) was first compounded and used 
as a diaphoretic by Thomas Dover, an English physician and pirate, 
in 1782. Although now much restricted in use, opium is still of great 
value in medicine. 

The active principles of opium were isolated during the first half 
of the nineteenth century. Morphine, the principal alkaloid of opium, 
was isolated by Sertiirner in 1805; codeine by Robiquet in 1832 and 
papaverine by Merck in 1848. Crude opium contains twenty or more 
alkaloids; the most important are: 


Morphine (C„H„NO,) 
Papaverine (C„H„NO^) 
Codeine (C„H„NO,) 
Narcotine (C„H,^0,) 
Thebaine (C„H„NO,) 


10 per cent 
1 per cent 
0.3 per cent 
6 per cent 
0.3 per cent 


MORPHINE 


Morphine is a member of the phenanthrene group of alkaloids to 
which belong the naturally occurring codeine and thebaine and a 
number of synthetic derivatives including dilaudid and heroin. The 
isoquinoline group includes narcotine and papaverine as its principal 
constituents. The predominant action of the phenanthrene alkaloids 
is on the central nervous system, while that of the narcotine group 
is on smooth muscle. 



Phenanthrene 

Morpblne 

Codeine 

Dilaudid 

Heroin 

Thebaine 


/\/\ 



iaoguinoline 

Narcotine 

Papaverine 
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Pliannacological Action. — The chief actions of morphine are: (1) 
a depressant affect on the respiratory center; (2) a specific central 
analgesic action; (3) a descending depressant action on the entire 
central nervous system; (4) a stimulation of the vomiting center; 
(5) a constipating effect resulting from central and local actions. 

Absorption and Excretion, — Morphine is rapidly absorbed following 
any type of administration except when applied to the skin. It reaches 
the blood rapidly and remains there about twenty to thirty minutes. It 
is partially fixed in the skeletal muscles, liver, kidneys, and intestines, 
and then it is slowly destroyed. 

Morphine is excreted in the urine, feces, saliva, gastric and intestinal 
juices. Approximately 10 per cent is excreted in the urine, and a less 
but variable amount in the feces. The percentage excreted increases 
but slightly with the dosage. The percentage excretion is not affected 
by habituation (Frey, 1930). About five-sixths of the total amount 
ingested is destroyed by the body. 

Some of the morphine excreted through the alimentary tract may be 
reabsorbed into the circulation. Even after hypodermic administration 
of the drug, it is excreted in part by way of the intestinal tract. Some 
morphine is said to be excreted in the milk and passes through the 
placental circulation, often destroying the fetus in utero. The major 
part of codeine (80 per cent) is excreted in the urine unchanged. 

Local Action. — Morphine is practically devoid of local action other 
than its quieting effect on the intestine. Tlie drug is not absorbed 
through the intact skin. Morphine and its esters have a direct, mild, 
irritant skin action, causing erythema which is due to the peripheral 
vessel dilation. Toxic doses may cause vasoconstriction and blanching. 

Action on the Central Nervous System. Action on the Cerebrum. — The 
action of morphine on the central nervous system in man is mainly 
depressant, but differs from alcohol and chloroform in its greater 
action on the respiratory and pain centers. Therapeutic doses (0.008 
Gm.) depress the cerebrum. Attention, judgment, and perception are 
greatly depressed. Imagination in stimulated; this may be due to the 
removal of normal inhibitions. There is marked effect on pain percep- 
tion. The pain of disease is deadened or even entirely removed, w'hile 
intellect remains quite normal. Although constant pain is relieved a 
sudden blow causes almost as much pain as without morphine; when 
the patient is aroused, however, the .sensitivity to pain becomes more 
apparent. Morphine seems to lower the power of attention to any 
constant stimuli. This action may be explained by the special action 
of morphine on the paths by which pain stimuli reach the conscious- 
ness. Slorphine is the only drug which acts so specifically on the pain 
centers, although the antipyrine group of analgesics have a somewhat 
similar effect. 

Small doses of morphine may facilitate certain mental processes and 
retard others. There may occur a feeling of freedom accompanied 
by uncontrolled imagination, and these may even be followed by 
unusual intellectual expression. Just how much of this change is due 
to increase of mental ability, or just lessened appreciation of distress 
and worry, is hard to estimate. 

The motor areas of the cerebral cortex are not affected by morphine. 
Beeause, however, of the increased sensitivity of the cord, the motor 
areas may appear more sensitive than normal. 

Effect on Cerebellum. — Morphine apparently exerts a depre.ssant effect 
upon the cerebellum, inhibiting motor coordination, rendering the gait of 
a man clumsy and ataxic. 
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Effect on Medulla. — Beepiratory Center . — The most important effect 
on the medulla is its depressing action on the respiratory center by 
lowering its sensitivity to carbon dioxide. Many of the efferent sensory 
impulses which are essential for the normal functioning of respiration 



Fig. 4. — Tracing showing the action of morphine (and adrenalin) on 
the rate of oxygen consumption, on the bronchioles, respiration, and blood 
pressure in a dog. Note bronchiole constriction and action of adrenalin. 
(From Jackson: Experimental Pharmacolooy and Materia Medico.) 

are cut off by morphine. After small therapeutic doses the breathing 
becomes shallow, and if sleep follows, the rate of respiration decreases 
and the depth increaae.s in a slower ratio, so the total air breathed may 
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fall to approximately one-half the normal. There may follow a Cheyne- 
Stokes type of respiration. If morphine causes rest and sleep, carbon 
dioxide is formed in the tissues, and since less is excreted due to slow- 
ness of breathing, there may be no accumulation in the blood. The drug 
therefore deepens the breathing but does not accelerate the rate of 
respiration. 

The mechanism of the slowing of respiration is explained by inatten- 
tion to Uie stimuli that normally control it. The response would be 
less marked to persistent stimuli like carbon dioxide, and more marked 
toward abrupt stimulation. Morphine causes a constriction of the 
bronchioles, forcing part of the supplemental or reserve air out of the 
lungs. Epinephrine counteracts this broncho-constricting action of 
morphine. (See Fig. 4.) Experimentally it has been shown by Quber 
at Zurich that animals poisoned by morphine recover if injected with 
adrenalin. There is also a diminished sensibility to asphyxiation. 

Morphine may depress the activity of the cough and heat-regulating 
centers, and stimulate the vasoconstrictor and vomiting centers. These 
actions are not agreed on by all investigators. 

Effect on Pupils, — In man the pupils are constricted by small doses. 
This action is due to a stronger oculomotor tone, for it disappears when 
atropine paralyzes the oculomotor endings. This action is central, as 
it is not produced by local application. The drug, however, may de- 
press inhibitory impulses which keep the oculomotor nerve normal. 

Effect on the Spinal Cord, — ^Morphine and derivatives all increase the 
spinal refbxes. The effect of morphine on the cord has been studied 
cmeffy in animals. The reflex irritability in frogs is first diminished 
and then increased. The effect of morphine on the spinal cord is of no 
therapeutic significance in medicine. 

Action on Temperature, — Morphine causes a fall in temperature, partly 
from diminished movement by which less heat is formed, and partly by 
loss of heat from peripheral arterial dilatation. Animals under the effect 
of morphine react sluggishly to any rise in temperature, indicating that 
the temperature center is less sensitive. It is important to prevent 
exposure to cold in morphine poisoning. Under morphine poisoning 
the body temperature may fall two to three degrees. 

Effect of Morphine on Circulation. — Therapeutic doses of morphine 
or its derivatives have little effect on circulation. Following therapeutic 
doses there is at first a slight acceleration of the heart followed by a 
moderate slowing, with increased fullness and force. The blood pressure 
may show a sharp rise, followed by a slight lowering. With toxic doses 
the fall in blood pressure is marked due to vasomotor depression. The 
pulse becomes weak and irregular because of disturbed cardiac conduc- 
tion. The peripheral vessels are dilated by small doses of morphine, 
causing a r^ness and flushing of the face. 

Action of Morphine on the Alimentary Tract.^The effect of morphine 
on the intestine varies with the animal. In man morphine produces 
constipation by diminishing peristalsis and secretions. However, the 
chief action upon the gut is to produce spasm of the pyloric sphincter 
and of the ileo-sphincter, thereby delaying passage of the intestinal con- 
tents. Because of this quieting effect it is employed in peritonitis 
and after abdominal operations. This quieting action can be elicited 
after all the nerves of the stomach and bowels are cut, therefore it is 
quite independent of the action of the central nervous system. The 
action may be on the nerve plexus in the intestine. The quieting effect 
may be attributed to relaxation of the stomach wall or slowing of 
peristali^ 
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Action on Muscles. — In animals many forms of smooth muscles, suci 
as those of the intestine, uterus, ureter, bronchi, and bladder, have showi 
increased contraction and tone following the administration of morphine 
and other phenanthrene derivatives, while isoquinoline derivatives 
apparently depress this activity. Morphine has no specific effect on 
the uterus but delays labor by its central depression. Large doses 
are dangerous to both mother and child. Therapeutic doses of 
morphine relax the bronchial muscles in bronchial spasm, while large 
doses may produce constriction. 

Action on Metabolism. — In man the basal metabolism is decreased 
by about 25 per cent by 10 to 20 mg. of morphine. Imperfect respira- 
tion tends to increase the acid content of the blood and urine and 
depletes the liver glycogen. Barbour has shown that dogs addicted to 
morphine have high metabolic rates, which are lowered by withdrawal, 
and again raised on receiving the drug. 

Toxicology. — Opium or its derivatives is frequently employed with 
suicidal intent or taken by accident. Often after taking the drug 
the psychic outlook changes and the desire to live encourages the in- 
dividual to make known the fact that he has taken poison. Opium and 
morphine exert their toxic actions on the central nervous system, 
affecting first the higher cerebral centers and then the vital centers of 
respiration and circulation of the medulla. 

Acute Opium or Morphine Poisoning. — This condition may follow oral 
or hypodermic administration. If morphine is taken orally, symptoms of 
poisoning appear in twenty to forty-five minutes; if administered by 
hypodermic, poisoning occurs more rapidly. 

The initial symptoms are those of mental stimulation, physical 
ease, and rapid pulse. These are followed by dizziness, languor, 
nausea, and a slow and weakened pulse. The pupils become miotic; 
breathing is slow and accompanied by cyanosis; the lips are livid 
and the extremities are cold. Respiration becomes Cheyne-Stokes in 
type and finally death occurs while the patient is in coma. 

The post-mortem signs are not characteristic. There are visceral con- 
gestion and cyanosis. The fatal dose varies from one to six grains in 
non-addicts. Habitues may take as much as 4 grams and show no ill 
effects. When taken hypodermically, morphine may have three times 
the effect it exerts when given by mouth. The duration of the acute 
poisoning is from five to eighteen hours, but may vary from thirty 
minutes to several days. At necropsy of an acute case the materials 
best suited for analysis are the gastric contents, parenchymatous or- 
gans, and the brain. 

Treatment. — Early diagnosis is important. The chief diagnostic 
symptoms are coma, pin-point pupils, slow pulse, and characteristic 

opium” breath. In more severe cases the breathing is Cheyne-Stokes 
in type, and the face is cyanotic. In later stages it is almost im- 
possible to arouse the patient. The pupils may become dilated. 

Treatment for acute opium poisoning: (1) Counteract depression 
of the respiratory center, (2) prevent pneumonia, (3) heed cardiovascu- 
lar damage due to opium. The intravenous administration of one or 
more injections of 5 cc. of the commercial solution of coramine, pyridine- 
beta-carbo^lic acid diethylamide, (25%) to a patient who is comatose 
due to opium poisoning is often followed by a remarkable improve- 
ment. A patient whose respiration is depressed to one or two sighs 
a ndnute, who is deeply comatose and cyanotic sometimes wakens up 
immediately after the first injection. 
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It is desirable to prevent the development of bronchopneumonia. A 
good many patients remain drowsy for several hours after the coma has 
subadded. Therefore add to the routine treatment the intravenous in- 
jection of 1 Gm. of sodium sulfadia/itie in 20 cc. of water every four 
hours until the patient can swallow sulfapyridinc. Continue this sulfa- 
pyridine treatment for at least twenty-four hours after subsiding of 
coma. 

Boutine Treatment. — (1) Evacuation of stomach by gastric lavage 
with several liters of dilute potassium permanganate (1:5000). (2) 

Administration of an antidote, usually charcoal, a laxative (magnesium 
sulfate), and high colonic irrigation. (3) Stimulation of heart action 
by hourly caffeine injections. (4) Every patient with a depression of 
the respiration below eight per minute should be placed in a Drinker 
apparatus. 

nerapeutic Uaes. — Morphine and opium are used mainly to lessen 
pain, secure sleep, check peristalsis, suppress cough, ease dyspnea, 
and for premedieation. The field of therapy is wide and much dis- 
crimination must be exercised in its use. 

Opium preparations may be administered internally (in solution 
or drv form), hypodermically, and by rectum. The preparations fre- 
quently used internally in solution are the tincture, the camphorated 
tincture, morphine sulfate, and codeine sulfate. Powdered opium, 
powder of ipecac and opium, morphine sulfate, and codeine salts are 
commonly used in dry form. Morphine sulfate is used hypodermically, 
the extract of opium is used in suppositories, and the tincture of 
opium is administered in enemas. 

Analffesio , — Morphine surpasses all analgesics, particularly for per- 
sistent pain. It is valuable for incurable conditions, such as inoper- 
able carcinoma, etc. For these conditions small doses suffice, e.g., 5 to 
15 mg. (^2 to % grain) hypodermically, repeated if necessary. In 
relieving the pain caused by fractures, severe burns, renal and hepatic 
colic, acute inflammation, such as pleuritis, meningitis, etc., morphine 
has no equal. In surgical conditions in which the alleviation of pain is 
essential for the success of the operation, small doses of morphine are 
indicated. 

Morphine sulfate, given by vein, is of inestimable value for the 
prompt relief of the intense agony resulting from a coronary occlusion, 
incidentally lessening the associated shock and quite possibly relieving 
the regional arterial spasm. Morphine and absolute rest are the best 
therapeutic measures in heart block. 

The technic employed consists of dissolving grain of morphine 
sulfate in 2 cc. of sterile water and injecting one-quarter of the solution 
slowly. If, after thirty seconds, no undue reaction is observed, the re- 
mainder of the solution is injected slowly. 

Pull doses of morphine sulfate may be indicated in the beginning 
of severe cases of sciatic neuralgia. In severe cases of dry pleurisy, 
and in pericarditis, 0.015 gram (% grain) of morphine sulfate i4 indi- 
cated for x>ain. Morphine is a valuable sedative in tetanus but should 
not be nven in doses large enough to be dangerous. This drug is also 
indicated in certain cases of status epilepticus, trigeminal neuralgia, 
herpes zoster, acute gout, gall-bladder disease, asthma, etc. 

Morphine should not be used for the relief of pain in persons of a 
neurotie or hysteric temperament, unless its use is absolutely indicated. 

Mypuctie . — ^Morphine may be indicated in insomnia caused by pain, 
eoug]^ or dyspnea. Small doses of 6 to 8 mg. produce a condition favor- 
ing sle^, while larger doses of 15 to 30 mg. compel sleep. In rare in- 
stances, where sleep is necessary for recovery, morphine is indicated. 
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Diarrhea . — Opiates are effective in arresting excessive peristalsis in 
acute intestirial catarrh. It is well to clear the intestines first by a 
cathartic and then administer ten drops of opium tincture orally. 
Camphorated tincture of opium and morphine sulfate are commonly 
used in the intestinal tract. 

For diarrhea, dysentery, etc.: 

n 

Bismuth Subnitrate 12.00 Gm. (3iij) 

Chloroform Spirit 8.00 cc. (fSij) 

Camphorated Opium Tincture 12.00 cc. (f3iij) 

Chalk Mixture q.s. ad 90.00 cc. (fSiij) 

M. Si|f.: Teaspoonful in water every fifteen minutes as re- 
quired. 

Cough and Bronchitis . — Opiates check cough by lowering the cough 
reflex irritability of the respiratory center. It should be remembered 
that if the cough is productive,^' the depression of the cough reflex 
may lead to a retention of the secretions of the inflamed mucosa. In 
treatment small doses are indicated, such as 5 mg. of morphine, 10 
drops of opium tincture, or 20 mg. of codeine. For children over one 
year of age 5 mg. of codeine are indicated. Codeine is preferred because 
tliere is less tendency to side reactions and habit formation. 

For cough: 

B 

Codeine Phosphate 0.15 Gm. (gr.iiss) 

Compound Benzoin Tincture 30.00 cc. (f Jj) 

M. Sig. : One teaspoonful every hour. 

Child's Cough Remedy (Dr. John Zahorsky) : 

B 

Glycyrrhiza Fliiidextract 120 cc. (fjiv) 

Ipecac Syrup 100 cc. (fSiij) 

Compound Opium Tincture 120 cc. (fSiv) 

Chloroform Spirit 20 cc. (f3v) 

Distilled Water q.s. 1000 cc. (^Oij) 

M. Sig,; ^2 to 1 tcaspoonful every three hours ac- 
cording to age. 

In the above formula, the chloroform spirit acts as a local an- 
esthetic for tlie throat, the paregoric lessens the sensitivity of the 
cough reflex, the ipecac syrup serves as an expectorant, and the 
licorice tends to overcome the constipating effect of the paregoric and 
make the product an excellent vehicle to mask the taste of ammonium 
chloride or potassium iodide if in certain cases such medication should 
be found desirable. 

Anesthesia. — Premedication. — A small hypodermic dose of morphine 
(10 mg.) alone or ^vith scopolamine or atropine is usually indicated be- 
fore administration of general anesthesia. It lessens pain and anxiety 
and chances of toxic reactions from the general anesthetic. 

Scopolamine has synergic effect as a pain depressant, but both 
scopolamine and atropine antagonize the depressant effect of morphine 
on the respiratory and vagus centers, antagonizing its stimulating 
effects upon secretions and upon the vomiting center. 

The use of morphine intravenously has boon particularly valuable 
in connection with spinal anesthesia when, toward the end of the 
operation, anesthesia begins to wear off. 
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In Treating Poisoning , case of lead poisoning morphine sulfate, 
0.015 gram (^4 grain); and atropine, 0.0006 gram (^oo graia), are 
given to relieve colic; the same dose may be used hypoaermically to 
lessen the pain and to secure more cooperation in a patient poisoned hy 
wood alcohol. Morphine sulfate, 0.008 gram (% grain), may be ad- 
ministered in mushroom poisoning to quiet the patient. 

Hemorrhage , — ^Morphine favors the arrest of hemorrhage by quieting 
the patient and by lowering the blood pressure, thus permitting clot 
formation. It is indicated in internal hemorrhage, especially pulmonary 
hemorrhage of tuberculosis. Morphine sulfate, from 0.01 to 0.016 
gram (% to % grain), is indicated. Some physicians believe that 
morphine should never be given to relieve the pain with hemorrhage, be- 
cause it tends to increase the stasis and hyperchlorhydria that are present 
in ulcer. It is contraindicated for this use in cardiac or debilatory 
diseases. 

Shock , — ^Believe shock by relieving pain. Morphine, % grain or even 
Vj grain, is used to this end. Morphine is the drug of real value and 
more lives have been saved by this agent than by all the others to- 
gether. 

Nervous Excitement , — ^Morphine is indicated in tetanus, delirium 
tremens, and eclampsia. Administer 10 to 15 mg, hypodermically, every 
hour, until respiration drops to eight per minute. 

Cardiac Asthma , — Morphine is the first drug to bo used in cardiac 
asthma. It may be combined with atropine, but this is not necessary. 
Reduction of the patient’s distress, suppression of the cough reflex, and 
depression of the respiratory center by morphine often succeeds in 
terminating the attack. Dosage: grain, subcutaneously repeated at 

flfteen-minute intervals for four doses if indicated. Dilaudid, grain 
may be used similarly. 

Colds , — Golds may be aborted by the diaphoretic action of opium 
derivatives. Powder of ipecac and opium, 0.5 gram orally, is indicated. 

Chronic Opium or Morphine Poisoning (Addiction) 

The use of opium has been an important social and medical problem 
for centuries. Lambert says that peace-loving races use opium, 
whereas militant races use alcohol, citing China and Japan respec- 
tively as examples. 

Because of the vigorous enforcement of the Harrison Narcotic Act 
and treatment of addicts in Federal facilities, the total number of 
narcotic drug addicts in the United States has declined from 150,000 
to 200,000 in 1914 to approximately 48,000 (Vogel, 1949). 

The habitues And the effect of the piiysiologicai dose pleasant and 
gradually increase the doses. The continued use causes mental and 
physical deterioration and predisposos to constipation and inter- 
current infections, such as pulmonary tuberculosis, abscesses from 
subcutaneous injections, and septicemia. There is also a marked 
deterioration of personality. 

Any individual may contract the habit by constant use of the drug. 
In general, there are two causes of the habit: first, the use of opium 
in medicine, and second, the initiation of the habit by association. 
Possibly 50 per cent of the addiction is due to its use in medicine, 
which imposes on the physician the importance of prescribing opium 
and its derivatives with the greatest care and secrecy possible to the 
patients. 

The habit usually starts with an individual who is constitutionally 
unstable emotionally and is subject to feelings of inferiority or has 
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difficulty in solving his life problems and seeks release by the use of 
some drug. , 

Opium may be taken in the form of a powder or as a liquid, by 
smoking opium, or by the use of opium alkaloids and derivatives, such 
as morphine and heroin. There is a question as to whether there has 
been any increase in opium usage in the United States in the last ten 
years. 

Morphine is probably the most common form used in this country. 
It is usually given hypodermically. Heroin, which is prepared syn- 
thetically from codeine, is more stimulating and is largely used by 
underworld characters. Heroin is used hypodermically or snuffed up 
and absorbed through the mucous membranes of the nose. Pew cases 
of codeine addiction occur. Some claim that it is not habit-forming. 

A high degree of tolerance is established in the use of opium and its 
derivatives. After a period of addiction the patient requires doses that 
would prove fatal to an average individual. Tills tolerance also is 
quickly lost, so that a drug addict, accustomed to the use of 30 grains 
of morphine, will, after a few weeks of abstinence, be able to tolerate 
only an ordinary dose. No theory of tolerance is entirely adequate. 
The different theories include the formation of antibodies in the 
system, the development of increased ability to destroy the drug, and 
the development of decreased sensitivity of the cells to the drug. 

Tatum suggests the theory that residues of excitation '' are low 
at the first dose. The patient takes more drug to reduce the excitatory 
stage leaving thereby greater residues to overcome. Then the addict 
takes another dose to bring this excitement stage back to normal. 
Since excitement outlasts depression the addict takes more morphine 
to overcome the excitement of the previous dose. 

Treatment of Opium Addiction. — The complete treatment of ad- 
diction comprises two stages: disintoxication and rehabilitation. 
The former may be Jiccompaiiied by sudtlen or gradual withdrawal of the 
drug, or by withdrawal accompanied by <lnig substitution. Rehabilita- 
tion, or aftertreatment, includes physical rehabilitation and the more 
difficult problem of meutal and emotional stabilization. Psychiatric 
treatment is usually disappointing because the basic conditions caus- 
ing the addiction are difficult to correct. 

1. Sudden Withdrawal . — This is based on tlie theory that the drug 
is a poison and that the total suffering from sudden withdrawal is 
less than the combined suffering of periodic withdrawal. Only young 
persons are suitable for such treatment. 

The patient is placed in an institution, the drug is cut off, elimination 
is stimulated by cathartics, and the nutrition aided by concentrated diets. 
Heart stimulants, hydrotherapy, and psychotherapy may be indicated. 
There are withdrawal symptoms which vary with the individual. The 
patient usually becomes weak, and has a rapid pulse, followed by 
restlessness and delirium and frequently collapse. 

2. Gradual Withdrawal . — The object of this method of treatment is 
to reduce the drug with the least suffering possible. In recent years, 
it has rarely been necessary to give more than 30 mg. (% grain) of 
morphine every six hours to prevent signs of abstinence during the 
first two days of withdrawal treatment (Vogel et al., 1948). The 
same rules of diet, elimination, etc., should be followed. 

3. Drug Substitution . — This method of withdrawal substitutes some 
other drug to allay the symptoms of the patient during opium with- 
drawal. At present, codeine is often substituted with some success. 
Hyoscine has been used, as has belladonna, a member of the same 
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family. The Town-Lambert treatment uses the following: **two 
parts of a 15 per cent tincture of belladonna and one part each of 
fluidextract of hyoscyamine and xanthoxylum.*' This mixture is given 
until symptoms of belladonna poisoning occur. 

Sodium amytal is a popular drug for treatment by use of drug sub- 
stitution. A state of anesthesia is produced over an extended period 
of time. The use of any drug for long periods will produce ill effects, 
thus alternation of drugs is advisable. 

The United States Public Health Service maintains a narcotic farm 
at Lexington, Kentucky, where patients may apply for treatment. Con- 
vict addicts are treated in the Federal Prison at Leavenworth. 

Since the introduction of methadon and its acceptance as a 
physiologic and psychologic substitute for morphine, the United 
States Public Health Service Hospital, Lexington, Kentucky, has used 
it extensively in withdrawing morphine from addicts by shifting 
to methadon, which is then Trithdraw-n gradually. Usually one can 
substitute one-fourth the amount of methadon by weight for the dose 
of morphine the addict has been receiving. Since methadon is a 
slowly acting cumulative drug, it is started in doses of 10 to 20 mg. 
(% % graiii) three times daily twenty-four hours before morphine 

is discontinued. The dose of methadon is then reduced rapidly over 
the course of the next ten days. 

Preparations 

Opium, Opium, U.S.P., B.P. Y'ields not less than 9.5 per cent of anhy- 
drous morphine. Dosage: 60 mg. (1 grain). 

Powdered Opium, Opium Tulveratum, U.S.P., B.P. Contains about 10.25 
per cent of anhydrous morphine. Dosage: 0.06 Qm, (1 g^rain). 
Ipecac and Opium Powder, Pul vis Ipccacuanhae et Opii, N.F,, B.P. 
(Dover *8 Powder). Powdered opium and ipecac (each 10%) 
with lactose. Dosage: 0.3 Gm. (5 grains). 

Opium Tincture, Tinctura Opii, Laudanum, U.S.P., B.P. Granulated 
opium (10%) in alcohol and water. Dosage: 0.6 cc. (10 
minims). 

Camphorated Opium Tincture, Tinctura Opii Camphorata, U.S.P. 
(Paregoric). Opium tincture (4%), camphor (0.4%), ben- 
zoic acid and anise oil in diluted alcohol. Absolute alcohol 
content about 45 per cent. Dosage: 4 cc. (1 fluidrachm). B.P. 
contains 0.05% morphine, etc. 2-4 mils. (30-60 mins.). 
Oimpoiind Opium and Glycyrrhiza Mixture, Mistura Opii ct Glycyrrhizav 
Composita, N.F. (Brown mixture). Comphorated opium tincture 
(12%), antimony and potassium tartrate (0.024%), with glycyr- 
rhiza fluidextract, glycerin, and ethyl nitrate spirit in distilled 
water. Absolute alcohol content about 10 per cent. Dosage: 4 
cc. (1 fluidrachm). 

Morphine Sulfate, Morphinae Sulfas, U.8,P., B.P. Dosage: 10 mg. 

(% grain). 

Morphine Sulfate Tablets, Tahellae Morphinae Sulfatis, U.S.P. Usual 
sizes contain 5 mg., 8 mg., 10 mg., 15 mg., and 30 mg. 

Slowly Absorbable Morphine , — A new combination of morphine ace- 
tate in a glycerogelatinous base has been used with considerable suc- 
cess. The average time that the effects of such a preparation of the 
dmg can be felt is about sixteen hours with a variation of from ten to 
twenty hours. 
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Opium Principles, Derivatives and Allied Drugs 

The most important alkaloids extracted from opium and used in 
medicine are morphine, codeine, and papaverine. The most important 
derivatives are heroin, dioniiie, apocodeine, apomorphine, and dilau* 
did, Isonipecaine and niethadon are promising drugs with morphine* 
like action. 

Codeine (methyl morphine) occurs in opium, and is obtained com- 
mercially from morphine by methylation. The introduction of the 
methyl group greatly weakens the narcotic and analgesic effects 
and intensifies the convulsive properties. Codeine, although less 
actively analgesic, hypnotic, and sedative than morphine, is prefer- 
able if effective, because it is (1) nonhabit-forming, (2) not depressant 
to respiration in therapeutic doses, and (3) less constipating. The 
analgesic action is fleeting and large doses are required. Codeine en- 
hances the action of other sedatives and analgesics. 

Codeine is especially useful in the following conditions: In the 
treatment of cough morphine is more effective but seldom used because 
of the danger of addiction. For adults, codeine is especially useful in 
depressing the cough center. Doses of 15 to 30 mg. to % grain) 
are indicated for adults. 

For acute cough: 

R 

Codeine Sulfate 0.20 Gm. (fSiij) 

llyoscyaiiuis Tincture 12.00 cc. (gr.iij) 

Tolu Halsam Syrup 90.00 cc. (fjss) 

Water q.s. ad 15.00 cc. (fjiij) 

M. Sig.: One teaspoonful every two hours. 

As a mild analgesic in coronary disease, migraine, pericarditis, 
pleurisy, sciatic neuralgia, etc., codeine, 0.065 gram (1 grain), is usually 
given. If codeine is not effective, morphine may be indicated. 

In the treatment of mild cases of diarrhea administer 60 mg. (1 
grain) of codeine phosphate. 

In combination with papaverine, codeine is useful in the treatment 
of acute colds (Diehl, 1933). Administer early in order to l>e effective. 

Uodeiiu' phosphate may he administered effectively in Glycyrrhiza 
Syrup, Ra.spberr3' Syrup, AVild Cherry Syrup (with glycerin, 25% of 
total volume). 

Codeine is probably more desirable than morphine in the treatment 
of asthma. It controls all but severe paroxysms. 

Papaverine. — This drug is an alkaloid obtained from opium and 
belongs to the benzyl isoquinoline group (that is, it is not a morphine 
derivative). It stands midway between codeine and morphine in its 
action on the central nervous system. It does not have the soporific 
action of morphine nor does it produce the same degree of excite- 
ment as codeine. Small doses cause sleep and slow respiration, but 
this does not become deeper as the dose is increased. The reflex 
excitability is augmented; large doses may even cause convulsions. 
Papaverine has been said to lessen peristalsis, but recent investigators 
disapprove this statement and show that the drug acts much the 
same on the intestines ns does opium. 

Combinations of codeine and papaverine were found by Diehl to 
produce a definite improvement in from 74 to 78 per cent of a large 
number of cases with acute coryea, colds, influenea, and acute pharyn- 
gitis. The dosage of one-fourth grain of codeine with one-fourth grain 
of papaverine is recommended. The specific directions for an adult are: 
one capsule after breakfast, one after lunch, three at bedtime. 
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Heart Disease. — Papaverine has been recommended for the allevia- 
tion of pain in angina pectoris (Katz, 1942) and in the eradica- 
tion of premature systoles. Because of these two actions and its definite 
sedative action, papaverine has a definite place in the treatment of 
chronic coronary disease. It appears to carry none of the hazards of 
guanidine since it does not depress the heart’s contrat^tion. Dosage: 
In severe anginal syndrome give orally 1^ grains three times dailv. 
In premature systoles give to 3 grains four to five times daily 
orally. 

Papaverine hydrochloride, 0.03 gram (% grain) intravenously, is use- 
ful in the treatment of threatened gangrene following the use of 
ergotamine tartrate. In pulmonary embolism administer 50 mg. (% 
grain) of papaverine intravenously. 

Papaverine may be given subcutaneously, intramuscularly, or by 
mouth in doses of 0.03 to 0.13 Gm. to 2 grains). Its toxicity is 
low. 

Karcottne. — Narcotine is another opium drug resembling papaverine 
rather than morphine^ but has even less depressant action. The pulse 
is slowed by narcotine injection, from direct action on the heart. 
With narcotine the sympathetic ganglia are first stimulated and then 
paralyzed, while its action on unstriated muscle is the same as that 
of papaverine. Narcotine is less toxic than either morphine or 
codeine. 

Thebaine. — Thebaine is still another opium drug that has practically 
no depressant action. It resembles strychnine but is much less active. 
It is not used in medicine. 

Pantopon. — ^Pantojpon is a preparation of all the alkaloids of opium 
in the proportion in which they exist in opium. The supposed 
superiority of the preparation is based on the claim that opium is 
a better narcotic than morphine, that the impurities are deleted, 
and that the compound is soluble and may be given hypodermically. 

Preparations 

Codeine, Codeina, N.F., B.P. Dosage: 30 mg. (% grain). 

Codeine Phosphate, Codeinae Phosphas, U.S.P., B.P. Dosage: 0.03 Gm. 
(% grain). 

Codeine Phosphate Tablets, Tahellae Codeinae Phosphatis, U.S.P. 

Usual sizes contain 15 mg., 30 mg., and 60 rag. 

Codeine Sulfate, Codeinae Sulfa^t U.S.P. Dosage: 30 mg. (% grain). 
Codeine Sulfate Tablets, Tahellae Codeinae Sulfatis, U.S.P. The usual 
sizes contain 15 mg., 30 mg., and 60 mg. 

Papaverine Hydrochloride, Papaverinae Ilydrochloridum, U.S.P. Dos- 
age: Oral and intravenous 0.1 Gm. (1% grains). 

Morphine Derivatives 

Heroin (diacetyl-morphine) is an artificial alkaloid formed from 
morphine oy substituting acetyl for its two hydroxyls. It resembles 
morphine in its general effects, but acts more strongly on both the 
cerebrum and medulla, and is therefore more toxic. Heroin has little 
effeet o^n the intestine. It is thought to be about five times as de- 
pressing to respiration as morphine and about thirty times as depress- 
ing as codeine. 

Heroin is more habit-forming than morphine. The habit is more 
vicious in everv respect. There is rapid mental and moral degeneration. 
The heroin habit is more difficult to cure, not only in the mthdrawal 
period^ but also in the convalescent stage. Belapses are frequent. 
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Many cases of the heroin habit are on record and this aspect of the 
drug's action has brought it into disrepute. 

Dlonin (ethyl morphine hydrochloride, 0,»H3sOtN.HC1.2HaO). This 
drug has much the same action as morphine and codeine; in general, its 
action lies midway between them. It is nonhabit-forming. It is used 
chiefly in ophthalmology, as an analgesic for ocular pain as found in 
iritis, comeal ulcer, scleritis, and glaucoma. When applied to the eye it 
causes local vasodilatation terminating in acute conjunctival edema. 
The chemosis thus produced is employed for its analgesic and 
curative effect. A 2 to 5 per cent solution of dionine is dropped 
in the eye; following a preliminary irritation of the conjunctiva 
and cornea lasting about one hour, a period of mild anesthesia re- 
sults. For relieving a cough, ethyl morphine hydrochloride (0.005 to 
0.008 Gm.) is very efficient. 

Apocodeine (CuH^NO,) is an alkaloid prepared from codeine. It is 
used in the laboratory to paralyze sympathetic nerve endings and has 
been suggested as a therapeutic measure for promoting intestinal 
peristalsis in postoperative conditions. It is contraindicated therapeu- 
tically because it is neither efficient nor safe. 

Apomorphlne is an artificial alkaloid formed by dehydrating 
morphine through the action of concentrated sulfuric acid. This 
treatment changes the structure and actions. 

C„H„NO.~H,0=C„H„NO. 

Morphine Apomorphlne 

The narcotic effects of morphine are lost. There results from its 
use an exciting action on nervous centers, especially the vomit- 
ing center. Small doses produce a prompt hypnotic action in acute 
alcoholism. Large doses cause excitement, convulsions, and death 
by a.sphyxia. The emetic action is accompanied by general de- 
pression and often by considerable cardiac depression. Apomorphine 
acts centrally and is the only true central emetic. After hypodermic 
injection of apomorphlne, nausea occurs promptly and vomiting about 
five minutes later. Smaller doses are expectorant. 

Administer 0.006 gram (V^o gra^J^) hypodermically for emetic use. 
ApomorphinU is a satisfactory emetic for such conditions as poison- 
ing by arsenic, oxalic acid, wood alcohol, etc. 

Dihydromorpliinone Hydrochloride (dilaudid) C„H,,0,N.HC1 differs 
essentially from morphine hydrochloride in that one of the hydroxyl 
groups of the latter has been replaced by a ketone group. Dihydro- 
morphinone hydrochloride is closely allied both chemically and pharmaco- 
logically to morphine. 

Action and Uses. — Dihydromorphinone hydrochloride appears to have 
been used satisfactorily in most of the conditions for which morphine 
is ordinarily used. Its action on the intestine is probably less marked 
than that of morphine. It is more toxic than morphine but its clinically 
effective doses are smaller; their therapeutic ratios are approximately 
the same. It has been shown clinically that dihydromorphinone hydro- 
chloride is powerfully analgesic, and like morphine, it can depress the 
respiratory center profoundly. Dihydromorphinone hydrochloride has 
not been proved free from tolerance and addiction properties, and while 
side reactions seem less frequent than with morphine, the prolonged 
use should be undertaken with the same caution as with morphine. It 
comes under the scope of the federal narcotic regulations. 

For Belief of Pain in Inoperable Cancer. — Relief was obtained with 
doses of ^4 grain several times daily (Menard, 1933). For moderate 
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pain dihydromorphinono hydrochloride, grain, was satisfactory 
(Nathanson, 1935). 

As an Analgesic in Obstetrics , — Bihydromorphinone hydrochloride 
complete analgesia with apparently less interference with normal 
labor than morphine. The drug is given in doses of %2 grain, or in 
combination with ^oo grain of scopolamine. Administer, as with other 
Dpiates, after dilatation has definitely begun and the patient complains 
of severe pains. 

In Internal Medicine . — Dihydromorphinone hydrochloride may be ad* 
ministered in grain doses for relief of pain in terminal stages of 
tuberculosis, ren^ colic, tabetic crisis, cardiac attacks, etc. 

For Control of Cough . — Administer grain, or less, every three to 

four hours for control of an irritant cough. For paroxyms give ^4 
grain by injection. Dihydromorphinone hydrochloride may be prescribed 
with expectorants in the usual opiate-free vehicles. 

For coughs: 

Dihydroiiiorphinonc Hydrochloride __ 0.03 Gm. (gr.ss) 

Terpin Hydrate Klixir 180.00 cc. (f5vj) 

&L fcjig.: One teaspooiiful every three hours for adults. 

(For children give smaller doses, 1428 grain or 
less.) 

Preparations 

Apomorphine Hydrochloride, Apomorphinae Ilydrochloridum, U.H.P., 
B.P. Dosage: Emetic, hypodermic injection 0.005 Gm. 
grain) ; expectorant, 0.001 Gm. (%o grain;. 

Dihydromorphinone Hydrochloride, Dihydromorphinoni Ilydrochloridum, 
U.S.P. Dosage: 2 mg. (i/^o grain), 

Dihydromorphinone Hydrochloride Tablets, Tabellae Dihydromorphinoni 
Hydroehloridij U.H.P. Usual size.s contain 1.2 mg. and 4 mg. 

ALLIED DRUGS 

Demerol (Meperidine, Isonipecaine) 

Demerol (1 -methyl 4'phenyl*piperdine 4-carboxylic acid ethyl hydro- 
chloride) was synthesized in 1939 by Eisleb and Schaumann. Its close 
similarity to atropine can be discerned by inspection of the chemical 
formulas. 



Demerol HaC CJHi 

Atropine 
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Action and Uses. — Demerol possesses three main actions: aTUilgesia, 
spasmolysis, and sedation. Administered parenterally, demerol is 
thought to be as effective as' morphine in producing clinical analgesia. 
Comparative studies indicate that 100 mg. of demerol parenterally is 
equivalent to 10 mg. of morphine. Administration of demerol by the 
oral route is less satisfactory but fields satisfactory results. 

Demerol has definite spasmolytic action in man. Clinically this ac- 
tion is manifested by rapid and often dramatic relief of colicky jjain. 
Prolonged use does not result in constipation; lienee demerol is of little 
value in the treatment of diarrhea and cannot replace opiates for this 
purpose. Several investigators have reported beneheial effects in pa- 
tients with bronchial asthma. An acute attack of asthma can be re- 
lieved within ten minutes by the subcutaneous injection of 35 mg. of 
demerol. The bronchial relaxation is less than that achieved by 
epinephrine. 

Ohstetric Analgesia . — Demerol has recently been used for preanes- 
thetic medication and for obstetric analgesia. It is reported to be 
superior to morphine since it causes very little respiratory depres- 
sion, decreases salivation, and does not interfere, to any extent, with 
pupillary reflex. It is also reported to produce less nausea and vom- 
iting than morphine. Labor may be hastened by its direct relaxing 
effect on the uterine cervix. If amnesia is also desired, it may be 
combined with scopolamine or the barbiturates. 

Larger parenteral doses of demerol arc sedative. It produces sleep 
from which a person can be aroused easily. Its action subsides usually 
within two hours. It is as satisfactory as a preanesthetic as morphine. 

Prolonged use of demerol may lead to the development of habitua- 
tion, but it appears to possess a lesser tendency in this direction than 
morphine. In order to avoid any untoward reactions amounts greater 
than J50 mg. every three hours are contraindicated (Batterman and 
Himmelsbach, 1 943 ) . 

Methadon 

A recent new syiilhotic aiialgosic drug has been introduced. It is 
the hydrochloride of l,l diphenyM-(2-dimethylaminopropyl)-2-buta- 
noiie, also known as methadon, amidone, 



The analgesic action of the drug resembles that of morphine; as 
a preanesthetic agent it is less satisfactory since it causes little 
euphoria and leaves the patient apprehensive. Methadon causes 
less gastrointestinal distre.ss and re.spiratory depression than mor- 
phine. Methadon has been used with success as a substitute in with- 
drawing morphine from addicts (Vogel, 1949). Information on the 
development, tolerance, and addiidion properties of this <lrug arc not 
available. 

Troxil (J. A. M. A. 130: 920, 1948) reported that 10 mg. of 
methadon was as effective as 15 mg. of morphine or 150 mg. of 
meperidine (demerol). Adequate relief occurred in 81 per cent of 400 
patients. Side effects occurred in 13 per cent. Addiction was not defi- 
nitely established. 
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ANTIPYBETICS (ANALGESIC ANTIPYRETICS) 


Before discussing the antipyretic group of drugs a general discussion 
of body temperature; factors regulating heat control; and fever will 
be given. 

]£)DT Temperature. — The mechanism of the body is adjusted to work 
at a certain temperature; 37® C. (98.6® F.), wliich we call normal. Vari- 
ations from the normal temperature are injurious to the welfare of the 
body. Surprisingly great diurnal variations are common, usually the dif- 
ference between morning (36.2® C.) and afternoon (37.5® C.) is greater 
than 1® C. These variations are dependent upon food; sleep, and 
change in activity; a brisk walk for two hours may raise the tempera- 
ture of a healthy person from 37® C. to 38.4® C. These temperatures 
are reversed by doing night work for a period of years. Mouth tem- 
perature is about 0.5® C. below rectal temperature. Body surface 
temperature may vary according to the region observed. 

The limits of temperature within which the brain can function are 
narrow. A fall of 3® C. below normal produces narcosiS; while a rise 
of 4® C. above normal usually produces delirium. 

Factors Regulating Heat Control.— 

1. Chemical Regulation (Heat Production). — Chemical regulation of 
heat is concerned with the formation of heat from food. Surface tem- 
perature, type of food, exercise, all play an important part. 

The chemical regulation is controlled by the temperature of the 
sensory nerve ends rather than by that of the environment. A cold 
environment may add 20 per cent to the metabolic increase. Volun- 
tary and involuntary shivering produce extra heat. Extra heat is also 
pr<^uced without muscular activity, possibly due to the ability of muscle 
cells to metabolize without movement (Voit). 

The chemical substances of certain glands no doubt play some 
part in the chemical regulation of heat. In cats, using the denervated 
heart as an indicator, Cannon showed that ice feeding stimulated the 
adrenal glands; the heartbeat increased after cooling, but not when 
one adrenal was removed and the other denervated. 

Evidence as to whether the thyroid, hypophysis, etc., exert action 
in chemical regulation is conflicting. 

2, Physical Regulation (Heat Loss), — Physical regulation takes into 
consideration heat radiation, conduction, and evaporation of moisture. 
Radiation and conduction of heat are chiefly controlled by varying 
ratw of blood flow through the skin. Under the effects of cold, the 
peripheral vessels constrict and blood circulates more abundantly in 
the viscera; less heat is brought to the surface and lost. 

Heat loss by radiation and conduction is at a minimum if the tempera- 
ture of the environment is at body temperature and from this point 
evaporation must be depended on for cooling. DuBois found the loss 
of water from the lungs and skin to be about 700 cc. per day in the 
normal resting man at 23* 0. This ia 24 per cent of the water which 
would have to be evaporated to absorb the total heat lost by the 
body. The body may form one liter of sweat per hour if necessary. 

The amount of heat lost through the various channels in an in- 
dividual leading a sedentary life in a temperate climate is approximately 
as follows: ^ 


HEAT LOSS 


rRadiation i 

Conduction ( 

Evaporation and Sweat 
Respiration 

•Warming air and body excretion 


73% 

14% 

7% 

6 % 
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3. Nervous Control of Beat Regulation . — In general, the higher the 
central nervous system is developed, the better is the power of tempera- 
ture control. Cerebral influences are important in heat regulation. Re- 
moval of the cerebrum, corpus striatum, and more than the cranial 
third of the optic thalamus of the dog interferes with heat regulation. 
Removal of the tuber cinereum destroys it. Destruction of the optic 
thalamus of pigeons deprived them of heat-regulatory powers (Rogers). 

Heat Centers. — The existence of ^‘heat centers'' is disputed by 
some, but there is a temperature center in the sense that certain regions 
in the floor of the thalamus, when stimulated, will increase the activity 
of sweat glands. It has also been shown that destruction of these areas 
markedly interferes with temperature regulation. Cortical influence 
upon heat regulation is shown by the fact that sleep and narcosis 
Involve some impairment of heat regulation. 

Physiology of Pever. — In fever we have to do not only with the 
direct action of toxins upon the tissues, but also with a disturbance 
of the heat-regulating mechanism. An excess of heat production is 
the result, and this is usually accompanied by diminished heat loss. 
The excess of heat cannot be accounted for by the increase of food 
intake and therefore must bo due to increased metabolic changes, 

i.e., to increased destruction and accumulation of products of waste 
in the blood. Thus the di.sturbance cf the heat-regulating mechanism, 
due to toxins on the center or centers in the brain or cord, leads to a 
number of secondary disturbances, such as headache, apathy, delirium, 
etc. All excretions, except that of sweat, are diminished in amount. 
The skin may be dry, or sweating profusely; in the latter instance, 
although there is a great loss of heat by the skin, it is still over- 
balanced by extreme heat formation. The urine is scanty, colored, and 
often albuminous. There is usually constipation. The flow of saliva 
is lessened, and the mouth and tongue are dry. The diminished secre- 
tion from the trachea and bronchi permit organisms to pass more 
readily from the mouth to the lung.s. Respiration is accelerated due 
to high temperature in the respiratory center. The heart rate 
increases and the pulse may be full and bounding, or soft and dicrotic. 

The disproportion between heat loss and production accounts for the 
rigor often present at the beginning of fevers, and for the spasms of 
cutaneous vessels which produce a sense of cold. The apparent heat 
of the skin gives no true indication of the internal temperature. 

General Treatment of Fever. — The medicinal methods of treatment 
are: 

1. When possible, attack the cause; e.g., use quinine for malaria. 

2. Diminish heat production, e.g., antipyretics. 

3. Increase heat loss, e.g., diaphoretics. 

4. Encourage the secretions, e.g., fluids, drugs, etc. 

5. Maintain heart strength, e.g., digitalis, strophanthus, etc. 

6. Treat symptoms as they arise. 

Antipyretics may be applied to diminish heat production. Of these 
the drugs that do not depress the heart are preferred and should be 
given only when the fever is high or prolonged. In fever, cold spong- 
ing and cold baths are useful. The patient is immersed in the bath 
at about 40* C., and the temperature of the bath is reduced to 20* 0. 
by adding cold water. 

Diaphoretics are used to increase heat loss, e.g., solution of am- 
monium citrate. Though these may stimulate the action of the skin 
and increase urine flow, they have little effect on the course of the 
disease. 
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The secretory organs may be aided by diminishing the amount of 
nitrogenous food and substituting milk and cereals. The bowels must 
be kept open. 

The heart strength must be maintained. Digitalis, strophanthus, or 
strychnine may be indicated. Camphor (10 per cent in olive oil), 
in doses of 1 to 2 cc., given by muscle, may be used. 

It is difficult to outline the treatment necessary, as each case has 
its peculiarities and complications. In general, a purge, using calomel 
(3 to 4 grains), followed in four hours by a saline, is indicated. 

DRUGS USED TO LOWER BODY TEMPERATURE 

Antipyretics are drugs which lower the body temperature, particularly 
in disease. Analgesics are drugs which relieve pain. The antipyretics 
are of somewhat recent origin. Until 1875 hyperpyrexia was treated 
by baths and by the administration of such drugs as quinine and 
aconitine. Buss (1875) discovered that salicylic acid produced a fall 
in temperature. Somewhat later, phenol and its derivatives were used 
as antipyretics. Many antipyretics have been introduced and have 
passed out of use; at present few are used. 

The analgesic antipyretics or ^‘coal tar analgesics’* are benzol de- 
rivatives prepared from aniline, a coal tar product. The coal tar 
analgesics are all white, crystalline pow'ders, and although there are 
minor differences, they have many characterisUcs in common. The im- 
portant antipyretics are acetanilid, phenacetin, phene tidin, anti- 
pyrine, and aminopyrine. Some of the derivatives of salicylic acid, 
such as cinchophen, are sometimes classed with this group of *^coal tar 
analgesics” since they have the same source and produce similar effects. 

Pbannacological Action. — The analgesic antipyretics are given 
orally, and with the exception of aspirin and antipyrine, are rather 
slowly absorbed. They break down in the body to give the active 
ingredient para-aminophenoU This product is excreted in the urine 
chiefly combined with sulfuric and glycuronic acids. 

The action of antipyretics is evidently that of general depression 
of the central nervous system. It acts specifically on the heat- 
regulating center in the corpus striatum and the base of the optic 
thalamus. The nerve centers are evidently affected, as shown by the 
relief of pain in neuralgia and headache. Phenacetin causes a lower- 
ing of the general sensitiveness of the body, as shown by measuring 
the threshola of sensibility of the skin. This lowering of the sensi- 
bility of the skin i.s apparent with little depression of mental activity 
and is therefore quite distinct from analgesia obtained from morphine 
or anesthetics. This suggests that antipyretics relieve pain by affect- 
ing some synapses on the path conveying the pain sensation rather 
than action on the cerebral cortex. The action may be located also on 
some ”pain center” in the optic thalamus, as antipyretics do not 
cause somnolence. 

During fever the regulatory mechanism is set too high; antipyretics 
act by depressing the center controlling the temperature. Their 
action is quite specific on the temperature- regulation center, or at 
least more strongly active on this center in comparison to its action 
on other centers. 

The antipyretic action resides in the benzol ring. Yet benzol 
(0«H,) is not an antipyretic because it cannot react with the body 
cells; this capacity may be given it by substituting for one of its 
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H atoms im OH group, as in phenol; or still more strongly by an NH, 
group, as in aniline, or both as in para-aminophenol. 
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Antipyretics are also analgesics. The mode of analgesic action is 
not known. They have little action on the vasomotor centers. Anti- 
pyretics first accelerate the heart and then slow it by direct action 
on the cardiac muscle. 

Toxicology. — Large doses of '^coal tar analgesics'' will produce 
a lowering of body temperature, dyspnea, muscular twitching, mental 
sluggishness, and collapse. Treat by withholding the drug and keep- 
ing the patient warm and quiet. Stomach lavage and stimulants are 
indicated. 

Continued use of these drugs impairs the health. Constant use of 
them may cause rashes, digestive disturbances, palpitation, cyanosis, 
dyspnea, insomnia and general lowering of body resistance. 

Therapeutic Uses. — The **coal tar analgesics" are used to lower 
body temperature in fever and to relieve all tjTpos of pain. They are 
useful in nervous headache, migraine, neuralgia, etc. 

Contraindications . — The "coal tar analgesics" should not be used 
in treatment of pain due to inflammation, and should not be used 
by debilitated patients. Certain persons may be sensitive to these 
drugs and .show symptoms, such as '<kin eruptions, nausea and vomiting, 
dizziness, cyanosis, and collapse. 

Classification of Antipyretics 

T. Phenol derivatives. 

A. Acetanilid. 

B. Acetophenetidin. 

II. Pyrazolon derivatives. 

A. Antipyrine. 

B. Aminopyrine (pyramidon). 

JIT. Salicylic acid derivatives. 

A. Salicylic acid. 

B. Sodium salicylate. 

C. Methyl salicylate. 

D. Acetylsalicylic acid (aspirin). 

5 E. Phenyl .salicylate (salol). 

F. Other esters of salicylic acid. 
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IV. Other antipyretics. 

A. Cinchophen. 

B. Neocinchophen. 

C. Colchicine. 

PHENOL DERIVATIVES 

NHCOCH3 OC,II, 

/\ 


NHCOCH, 

Acetanilid Acetophenetldin 

( phcnacetin ) 


Acetanilid 

Acetanilid is an antipyretic, analgesic, and in excessive doses, a 
cardiac depressant. It occurs as colorless, shiny crystals or as a 
white crystalline powder possessing no odor or taste. It is slightly 
soluble in water (1:190), and freely soluble in alcohol (1:3.4). It is 
incompatible not only with alkaline bromides and iodides in aqueous 
solution, but also with chloroform, hydrated chloral, phenol, resorcin, 
thymol, and spirit of nitrous other. It has the advantage of cheap- 
ness, but its use has been largely abandoned on account of its tend- 
ency to produce toxic symptoms. 

Phaxmacological Action. — Acetanilid readily hydrolyzes into its 
components; this occurs in the body where aniline is converted into 
para-aminophenol which is excreted combined chiefly with sulfuric and 
glycuronic acids. 

Acetanilid is rapidly absorbed from the gastrointestinal tract; it is 
more rapidly absorbed, however, if gpven hypodermically. In a normal 
person 0.5 gram will not affect the temperature, but in fever, such a 
dose will show effects in two hours and last for three to four hours. 
The fall in temperature is accompanied by free perspiration and is due 
to dilation of cutaneous vessels and increased heat loss caused by 
the action of the drugs on the heat-regulating centers in the brain. 

The wide popularity of acetanilid and other coal-tar antipyretics is 
due almost entirely to their analgesic action on pain due to neuralgia, 
headache, and rheumatic conditions. 

Actum on Blood , — The most conspicuous clinical manifestation of 
chronic acetanilid poisoning is a bluish discoloration of the skin. This 
has been attributed to the presence of methemoglobinemia by many 
observers; others claim that para-aminophenol is responsible for the dis- 
coloration. Prolonged administration results in the development of 
secondary anemia. The loss of erythrocytes has been attributed to 
the direct destruction of the red cells by acetanilid or its end-products. 

Action on Circulation . — Therapeutic doses of acetanilid have little 
effect on the heart and circulation. Large doses depress the heart 
muscle, and death is due to circulatory failure. The cardiac effect in 
chronic poisoning is partly due to direct action of the drug on the heart 
muscle and secondarily to the rather marked blood changes. 

Toxicology. — ^Poisoning from acetanilid is mostly accidental, and 
occurs when the drug is taken indiscriminately for the relief of 
headaches. A few eases have been suicidal. 
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The usual action in acute ^oiaoniug is the production of an intense 
c^ranosis, especially present in the lips which is due to the produe* 
tion of para*aminophenol or possibly methemoglobin. Next, symptoms 
of weakness, prostration, sweating, feeblo pulse and respiration, 
dyspnea, delirium, convulsions, and death may follow. Death may 
be due to respiratory paralysis or to toxic action on the heart. 

Fatal Dose: Death may result from 5 to 10 grams or more, and may 
occur in a few hours or in several days. The postmortem findings are 
not characteristic. The treatment is to wash out the stomach and give 
saline cathartics. Stimulants, particularly ammonia and caffeine, may 
be given. Strychnine may also be of value. Blood transfusions may 
bo necessary. Treat symptoms as they arise. Liver extract and iron 
are the most important agents in medication. 

Chronic Acetanilid Poisoning, — By far the great majority of cases of 
acetanilid poisoning are of the chronic type. Mild degrees of this con> 
dition are common, most cases being attributed to repeated use of the 
drug in headache and pain-relieving remedies. The continued use has 
resulted in the development of a genuine craving for acetanilid, with 
symptoms of great nervousness when use of the drug is stopped. 
Symptoms: Weakness, palpitations, dizziness, loss of appetite, nausea, 
and occasionally numljncss of extremities. The skin may become bluish 
and the forehead moist with perspiration. The pulse rate is in- 
creased. There are signs of cardiac weakness. Treatment : Pa- 
tients with chronic poisoning recover promptly on stopping the drug. 
Withdrawal of the drug is usually not attended by disagreeable symp- 
toms. If nervousness does occur, sedatives such as the barbiturates 
may be administered. If a dull pain is present administer acetyl- 
salicylic acid or codeine. Preparations of iron may be given for the 
associated secondary anemia. 

Therapeutic Uses. — This drug is used particularly to relieve headache 
and neuralgic pain, and the aches and pains of the febrile patient, but 
is not indicated for the treatment of pain caused by inflammation. 
It is contraindicated in any form of primary or secondary anemia, ad- 
vanced cardiac weakness, phthisis or exhausting disease. Many of the 
so-called * ‘ headache powders ’ ^ contain acetanilid. 

For headache (Mus.ser and Kelly: Practical Treatment) : 

B 

Acetanilid 2.25 Gm. (gr.xxxvi) 

Citrated Caffeine 0.40 Gm. (gr.vj) 

Monobromated Camphor 0.40 Gm. (gr.vj) 

Sodium Bicarbonate 1.50 Gm. (gr.xxiv) 

M. ft. cap. No. xij. 

Sig.: One every hour until three are taken. 

For colds (Osborne and Fishbein: Handbook of Therapy): 

n 

Acetanilid 0.32 Gra, (gr.v) 

Sodium Bicarbonate 2.60 Gm. (gr.xl) 

M. ft. cht. No. V. 

Sig.: One every three hours. 

Acetanilid is used in the treatment of angioneurotic edema and urti* 
caria; give 0,2 gram (3 grains) every two to four hours. Acetanilid is 
frequently used in severe dysmenorrhea to relieve pain; administer 0.2 
gram (3 grains). This drug may also prove effective in migraine; 
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administer 0.2 gram (3 grains) with or without caffeine. For the treat- 
ment of whooping cough acetanilid (0.12 Gm.) and aminopyrine (0.22 
Qm.) administered in capsule form are useful. 

Acetanilid, being quite insoluble in water, is usually prescribed in 
capsules or powders. Its indiscriminate use is dangerous. When the 
Food and Drug Law went into effect (1900) one of the requirements 
was that if acetanilid was in the remedy this fact, together with the 
amount, must be stated on the label. 

Preparation 

Acetanilid, Acttanilidum, U.S.P. Dosage: 0.2 Gm. (3 grains). 

Acetophenetidin 

Acetophenetidin or phenacetin (proprietary name) is an antipyretic 
and analgesic employed extensively for the relief of pain. The drug 
is a colorless glistening crystalline powder, odorless and tasteless; it 
is very insoluble in water (1:1310) and fairly soluble in alcohol 
(1:15). It is incompatible with chloral hydrate, iodine, phenol, 
salicylic acid, and oxidizing agents. 

Action and Uses. — Its effects on the system are similar to those of 
acetanilid, but the poisonous effects are less. This drug is the least 
toxic of the phenol derivatives. I^rge doses are toxic to the heart, 
causing vertigo and some cyanosis, hence the employment of this drug 
should most cautious. The indications for its use are the same as for 
acetanilid. It is excreted in the urine as para-aminophenol. Its possible 
advantage over acetanilid is probably due to the fact that it decomposes 
more slowly. It exerts a more marked effect on neuralgic pains than do 
any of the other antipyretic.^ It is a reliable antipyretic. 

The symptovis and treatment of poisoning are practically the same 
as for acetanilid. Skin eruptions are more frequent. Owing to the lack 
of odor and taste and its limited solubility, it is prescribed almost 
exclusively in capsules or powders. 

For colds (Mmsser and Kelly: Practical Treatment) : 

n 

Acetophenetidin 

Phenyl Salicylat<‘ 

M. ft. cht. No. xij. 

Sig.: One every two hour.«. 

For migraine: 

Barbital 
Acetophenetidin 

Acetylsalicylic Acid aa 1.30 Om. (gr.xx) 

M. fiat capsulas No. x. 

Sig.: One every two hours a.s required. 

Preparations 

Acetophenetidin, Acetophenetidinum, U.S.P. Dosagt : 0 3 Gin (5 

grains). Phenacetinum, B.P., 0.3 0.0 Gm. (5-1*0 grains). * 
Acetophenetidin Tablets, Tahellae Acelophenetidini, U.S.P. Usual sizes 
contain 0.12 6m., 0.2 Gm., and 0.3 Gm. 


2.5 Gm. (gr.x.xxvj) 
4.0 Gm. (3j) 
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PYEAZOLON DERIVATIVES 

Aniipyrine (phenyldiuiethylpyrazolon) or phenazone is a pyrazolon 
derivative. Ammopyrine (pyramidoii) is diiiiethylamino antipyrine. The 
formulas are: 


H--C^C— CH, 

1 I 

0=0 N~C1I, 

\/ 

N C.H. 
Antipyrine 


((^II,),NC=::zC-CH, 

1 I 

0=0 N— CH, 

\/ 

N C,H, 

Anilnopyrine ( pyramidon ) 


Antipyrine 

Antipyrine is a while crystalline powder. It is odorless and stable 
in air. It is very soluble in water and in alcohol. Antipyrine is in- 
compatible with spirit of ethyl nitrate, nitrites, tannic acid com- 
pounds, alkalies, phenol, thymol, etc. 

Pharmacological Action. — Antipyrine possesses antipyretic, seda- 
tive, and analgesic action. It dillers from many other ^*coal tar'' 
antipyretics in not yielding paraminophenol on decomposition. The 
drug is rapidly absorbed and appears in the urine either unchanged or in 
combination with glycuronic or sulfuric acid. Like other coal tar 
analgesics and antipyretics it probably lessens pain and reduces fever 
by an action in the subthalamic region of the brain. 

It is one of the safest coal tar derivatives, being much less toxic 
than acetaiiilid. It has less tendency to cause cyanosis than has 
acetanilid and apparently does not produce methemoglobin. It has 
toxic possibilities, however, and should be used with discretion. 

Toxicology. — The symptoms of antipyrine poisoning are depression, 
rapid pulse, collapse, cyanosis, perspiration, and fall in temperature. 
Convulsions and delirium may occur. Habit formation may result 
from continued use of antipyrine. The habitual use of the drug leads 
to (1) digestive disturbances, (2) increased nervousness and insomnia, 
(3) the production of skin rashes, and (4) chronic poisoning. 

Antipyrine poisoning may be treated by cleansing with lavage and 
saline purgatives. Stimulants, such as strychnine, camphor, and am- 
monia, are indicated. Artificial respiration may be indicated. For 
chronic poisoning treat symptomatically. 

Therapeutic Uses. — It is used for the relief of pain, chiefly of a 
neuralgic character, and as an antispasmodic in whooping cough. It is 
not suitable for treatment of pain caused by inflammation. 

Antipyrine is generally incompatible; it may, however, be used with 
caffeine, sodium bromide, and flavored syrups with good results. It 
may also be prescribed in powders, capsules, or in solution. 

Antipyrine may be administered for the paroxysmal stage of whoop- 
ing cough* 

Dr. Sauer recommends the following prescription for pertussis (whoop- 
ing cough) : 

E 

Codeine Sulfate 0.24 Qm. (gr.iv) 

Antipyrine - 2.00 Qm. (3ss) 

Belladonna Tincture 1.00 cc. (tltxv) 

Saccharin __ 0.06 Qm. (gr.i) 

Phenobarbital Elixir q.s. ad 120.00 cc. (fSiv) 

M. Sig.: One teaspoonful every four hours for child. 
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For hypnotic, analgesic, and antispasmodic : 

n 

Codeine Sulfate 0.03 Qm. (gr-ss) 

Antipyrine 1.50 Gm. (gr.30civ) 

Orange Syrup 60.00 cc. (fjij) 

M. Sig.: Teaspoonful every two hours if needed. (For child 

2 years old.) 

Preparation 

Antipyrine, Antipyrina, N.F. Dosage: 0.3 Gni. (5 grains). Vhena- 
sonumy Antipyrin, B.P., 0.3 06 Gm. (O-IO grain.s;. 

Aminopyrine 

Aminopyrine or pyramidon is a colorless or white crystalline 
powder soluble in water (1:18) and in alcohol (1:1.5). It is incom- 
patible with nitrites and tanmc-acid-containing preparations. 

Action and Uses . — This drug possesses antipyretic and analgesic 
action, acting somewhat more slowly than antipyrine but with more 
lasting effect. A single dose may be effective for twenty-four hours. 
It is excreted in the urine, partly unchanged, partly combined with 
glycuronic acid* and possibly some combined with urea. 

It is used alone or with cither agents for the relief of headache, neural- 
gia, migraine, dysmenorrhea, arthritis, neuritis, and related conditions. 
It is largely used for its synergistic action in combination with opiates 
and barbituric acid salts. Its toxic symptoms and treatment are as 
for antipyrine. The drug is best administered in capsules or in liquids, 
using aromatic water or aromatic elixir as the vehicle. 

Aminopyrine has lately fallen into some disfavor due to its reported 
etiological relationship to agranulocytosis. The relative frequency with 
which this occurs indicates that sensitivity probably is a prerequisite to 
its occurrence. However, it should be administered in small doses and 
over short periods. Repeated leucocyte and differential counts should 
be made to guide its use to any great extent. Many proprietary prepara- 
tions containing aminopyrine are capable of protlucing primary granulo- 
cytopenia. Such a list was published by Kracke and Parker in 1935. 
There are fifty or more such preparations now on the market. 

Preparation 

Aminopyrine, Aminopyrina, U.S.P. Dosage: 0.3 Gm. (5 grains). 
Aminopyrine Tablets, Tahellae Aminopyrinaey U.S.P. 

8ALICTIJ0 ACID AND SAUCrTLATES 

The salicylates are among the most useful drugs employed in 
therapeutics. They were introduced into practice for the treatment 
of acute articular rheumatism by MacLaglan, of Edinburgh, in 1874. 
They can hardly be regarded as specific for acute articular rheuma- 
tism. If, however, this disease is due to bacteria, and there is every 
reason to believe that it is, the salicylates would more nearly approach 
being a specific" than any of the drugs at our disposal. 

The salicylates in the form of decoctions of willow bark were used 
as a general febrifuge centuries before their true nature was dis- 
covered. During the Napoleonic Wars, willow bark was used as a 
substitute for cinchona bark. The active ingredient of willow bark 
is the glueoside, salicin, which by hydrolysis yields saligenin (salicyl- 
alcohol) and glucose. 

+ HjO OyHgOf + OfllifOf 
Salicin Saligenin Glucose 
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Saligenin on oxidation forms salicylic acid: 

.OH ' ,OH 

CAC + O, c,h/ ^ H,0 

^CH,OII ^COOH 

Saligenin Salicylic acid 

For many years oil of wintergreen was the principal source for 

obtaining salicylic acid, but with the advent of improved methods 

of synthesis, salicylic acid is now made synthetically from phenol. 
Some manufacturers claim that the natural” salicylates are less 
toxic and more oilicicnt than the synthetic products. Evidence does 
not support this claim (Report Council Pharmacy and Chemistry, 
1D13). The cheaper synthetic product is as effective as the ” natural” 
product (that prepared from oil of wintergreen or birch). Chemically 
the salicylates are related to the phenols. 


II 
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Phenol Salicylic acid Acctylsalicylic acid 

Salicylic Acid Esters. — To avoid the disagreeable taste and gastric 
symptoms of salicylates, esters and similar compounds have been made. 
They are less soluble, so the salicyl radical is liberated in the intestine 
or after absorption into the blood. Although they have no direct 
action on the stomach, nausea and vomiting may result from central 
action. These compounds taste better than the simple salicylates, but 
th^ are quite expensive. 

Compounds which hydrolyze to produce salicylic acid may include the 
following types: 

1. Simple salts of salicylic acid ; c.g., sodium salicylate. 

2. Acetyl esters of salicylic acid involving the phenolic hydroxyl 
group; e.g., acetylsalicylic acid. These derivatives possess a higher 
analgesic and antipyretic action than simple salicylate salts. 

3. Alkyl and aryl esters of salicylic acid involving the carboxylic 
group; e.g., methyl salicylate and phenyl salicylate, respectively. The 
alkyl esters (methyl salicylate type) are absorbed readily from the skin 
and are therefore better for external use than simpler salicylates. The 
aryl esters (phenyl salicylate type) hydrolyze to active phenols and 
salicylic acid. They are used but are of doubtful value for intestinal 
antisepsis. 

Pharmacological Action. — Salicylic acid and its derivatives are 
antirheumatic, diaphoretic, cholagogic, and antiseptic in action. Some 
also have analgesic, anodyne, and anthelmintic properties. 

Salicylates are rapidly absorbed from the stomach and duodenum, 
and circulate in the blood as salicylates of the alkalies. Excretion is 
rapid, and takes place by way of the kidneys^ which may be irritated 
even by therapeutic doses. Excretion begins within fifteen minutes, and 
is practically completed in six to forty-eight hours. Rapid excretion 
explains the need for large and frequent doses. The chief product 
of elimination has been considered salicyluric acid, an inert compound 
with glycocoll ; Hanzlik, however, questions the elimination of salicyluric 
acid, as only products free of glycocoll are found in the urine. A part 
is oxidized to dioxybenzoic acid and hydroquinone. Small amounts of 
salicylates are eliminated with the bile, sweat, and milk. 
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Salicylic acid has the power of diffusing through skin and this fact 
places it in a unique position among remedies employed in dermatology. 

Action in Eheumatio Fever, — The '‘specific^’ action which ^licylates 
produce in cases of rheumatic fever is by far the most important 
therapeutic action of the drug. 

Mechanism of Action on Eheumatism, — The antirheumatic action is 
probably due in part to the amClgesic and antipyretic actions. The 
salicylates, no doubt, have little germicidal effect in the tissues; nor 
do they have the disposition to improvement in edemas or irritated 
tissues. Binz (1879) claimed that carbon dioxide set free salicylic 
acid from salicylates. lie believed that in inflamed joints the high ten- 
sion of carbon dioxide (17.5%) was sufiicient to free salicylic acid, 
thus producing a local antiseptic of value. Investigators disagree as to 
the presence of free salicylic acid in joint fluids. Scott, Thoburn, and 
Hanzlik failed to And free salicylic acid in the joint fluids of rheumatic 
patients. Much of the comfort derived from the use of salicylates may 
be due to the depression of the pain centers. 

Regardless of mode of action we know: 

1. Salicylates do not shorten duration of attack. 

2. No antibodies are formed so far as we know. 

3. Although salicylic acid is bactericidal in vitro it is doubtful 
whether it has any such action in the tissues. 

4. Salicylates stimulate excretion of uric acid, but they have no ma- 
terial influence on the course of gout. The effect on the uric acid 
excretion begins at a lower concentration than is necessary to relieve 
pain in rheumatic fever. 

Local Action, — Externally, salicylic acid is an irritant, especially to 
mucous membranes. Strong solutions of salicylic acid are contra- 
indicated for use in mouth washes, as it tends to soften enamel. Care- 
fully applied to the skin it has the property of softening the epidermis 
without inducing inflammation. It also tends to arrest local sweating 
and to promote the growth of normal skin. It has antiseptic action. 
The salts of salicylic acid also have antiseptic action which is much 
weaker than that of the acid. The liquid salicylates (methyl salicylate) 
are useful as counterirritants. Internally salicylic acid has the same 
action as the salicylates. 

Analgesic Action, — The pain-reducing action of the salicylates is of 
great importance in therapeutics because the amelioration or relief of 
such minor aches and pains as headache, neuralgia, muscular aches and 
arthralgia forms a large part of medical practice. 

Mode of Analgesic Action. — The mechanism of action of salicylate on 
pain is obscure. Since analgesic doses cause no mental disturbances, no 
dulling of consciousness, amnesia or change in sensation other than 
pain sensation, the site of action is evidently not cortical. It is prob- 
ably due to single depressant action located in the optic thalamus. 
Some investigators believe that the effect on headache may be due to 
relief of intracranial pressure by immobilization of excessive water; 
it may be imagined that something of this kind takes place in the re- 
lief of neuralgia. It has also been suggested that these drugs act by 
producing changes in the meningeal vessels. 

Many useful facts relating to salicylate therapy have been demon- 
strated by the studies of Wolff and his co-workers (1941) on the 
effect of drugs on the pain threshold-raising effect of drugs. Those 
worthy of special mention are: 

1. Maximum analgesic (pain threshold-rai.ving) effect is usually at- 
tained with 0.3 Qm. of acetylsalicyiic acid. 
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2. This analgesic action begins in ten to fifteen minutes and reaches 

its maximum at a point approximately 35 per cent above the control 
level. ' 

3. The maximum pain threshold-raising effect is secured by 0.3 Gm. 
of salicylate and lasts from one to one and one-half hours. Larger 
doses have but a slightly longer analgesic action. 

4. Smaller doses at shorter intervals between each administration 
are more effective in maintaining a high and uniform analgesic action 
than larger doses administered at longer intervals. 

5. The pain threshold-raising effect of acetylsalicylic acid is not 
raised by codeine, but the combination is useful because of the sedative 
and hypnotic effects of codeine. 

6. The pain threshold-raising actions of acetanilid, acetophenetidin, 
and aminopyrine are similar. However, acetanilid and acetophenetidin 
in comparable amounts induce greater relaxation and sedation. Their 
therapeutic action is undoubtedly to some extent related to their sedative 
effect. 

7. The pain threshold-raising effect of a combination of acetylsal- 
icylic acid, acetophenetidin, and acetanilid is no greater than that of its 
most effective analgesic agent, acetylsalicylic acid. Sedative effects of 
the combination, however, are summative. 

8. The pain threshold-raising effect of a combination of caffeine 
citrate, acetophenetidin, and acetylsalicylic acid is no more than that 
of an equal weight of acetylsalicylic acid, but the sedative effect of the 
combination seems to be summative. 

9. Preparations containing combinations are rational if they aim to 
combine pain threshold-raising action with useful sedative and hypnotic 
effects. However, it is not valid to assume that the pain threshold- 
raising effects of such combinations are summative. 

Action on Digestive Tract, — Salicylates are irritant to the gastro- 
intestinal tract. Sodium salicylate is less irritating than salicylic acid, 
but the free acid may be liberated in the stomach by the hydrochloric 
acid of the gastric juice. Acetylsalicylic acid and phenyl salicylate, 
however, pass through the stomach without freeing the irritant salicyl 
group. Salicylic acid arrests fermentation in the stomach and inter- 
feres with digestive processes. 

Action on Circulation, — Small doses of salicylates may raise blood 
pressure, chiefly by central vasoconstriction, and such doses also ac- 
celerate the heart. Large doses depress the heart by direct action on the 
cardiac muscle. All doses dilate the skin vessels to some extent. The 
number of leucocytes may be slightly increased by salicylates. 

Antipyretic Action, — Salicylates produce a marked fall in temperature 
in fever patients. It was originally used as an antipyretic. The anti- 
pyretic action is explained on the basis of a dilatation of the cutaneous 
vessels accompanied by an increase in output of heat. A direct action 
on the heat centers has not yet been proved. In normal individuals 
the heat-lowering effect is compensated for by increased heat production, 
so that no further lowering is attained. 

Action on Respiration, — Salicylates cause the respiratory rate to in- 
crease and respiratory movements to deepen. Dyspnea may result from 
direct btimulation of the respiratory center. 

Action on Bile Flow, — Salicylates slightly augment bile flow due 
possibly to some specifle action on liver colls. The fluid portion of bile 
increases in greater proportion than does the organic portion. Salicylates 
are excreted in the bile and retard bacterial growth. This may be of 
value in liver and gallbladder infections. 



394 MATERIA MEDICA. TOXICOLOGY. AND PHARMACOLOGY 


Other Actions , — Salicylates increase nitrogenous metabolism, and also 
increase the amount of uric acid excreted in the urine. Metabolism is 
stimulated as shown by an increase of 10 to 12 per cent in nitrogen 
and sulfur in urine, and by an increase of 30 to 45 per cent uric acid. 
The alkaline reserve is lowered, producing an acidosis, probably 
due to an increase in fixed acid. The effects on the central nervous 
system are slight, except in cases of overdosago and idiosyncrasies. 

Toxicology. — Symptoms of mild toxicity are frequent. Serious de- 
velopments are rare. The common name for salicylate poisoning is 
salicylism. The symptoms of gastric upset are the most common. 
Nausea, a common symptom, is caused in part by central action and 
may follow intravenous administration of the drug. A large part of the 
nausea is due to the liljeration of free salicylic acid in the stomach with 
resultant irritation. This action may be prevented by administration 
of alkalies. Skin eruptions are fairly frequent, the most common being a 
scarlatiniform erythema. 

Other signs of overdosage are headache, apathy, polyuria, and im- 
pairment of hearing and vision. The latter symptoms are due either 
to local circulatory modification or to degenerative changes induced in 
the cochlear or retinal nerve cells or in the optic nerve. After very 
large doses complete deafness or blindness may occur. Very large doses 
may produce depression of the central nervous system and a slowing 
of respiration. Large doses are contraindicated in pregnancy, as abor- 
tion may result. 

In some cases of salicylism, mental excitation ('^salicylic jag^^) is 
the characteristic feature. The cerebral symptoms simulate those pro- 
duced by atropine and are talkativeness and great cheerfulness passing 
on to delirium witli hallucinations. Delirium is a common symptom 
among drunkards who take quantitie.-f of salicylates. 

The toxic dose is approximately 175 grains of sodium salicylate, 120 
grains of methyl salicylate, 140 grains of acetyl salicylate. The toxic 
dose of salicylates is not influenced by age between sixteen and seventy- 
five years. The toxic dose for children is higher than that calculated for 
their age. Treat by stopping the drug. Bromides are given for cere- 
bral excitement. In the treatment of salicylism, the giving of large 
doses of sodium bicarbonate has been recommended to hasten elimination 
of the drug. Vomiting may be relieved by an icebag or mustard plaster 
over the epigastrium. Treatment should be directed toward maintenance 
of renal function and the combating of dehydration (Dodd, 1937). 
Blood transfusions and intravenous dextrose and saline are indicated. 

Therapeutic Uses . — Salicylic Acid , — Internally it has the same actions 
as described for the salicylates. Sometimes it is employed in the treat- 
ment of rheumatic fever. I.,ocally it is used for the removal of corns, 
etc.; also to remove the superficial layers of skin, and in the treatment 
of various skin diseases, such as eczema, dermatitis, and pruritus. 
It is not often prescribed for internal use, but when so used it is given 
in capsules. Externally, salicylic acid is used in solution, powder, and 
ointment. 

Salicylates , — The chief use of the salicylates is in the treatment of 
acute rheumatism. The salicylates most frequently used are those of 
sodium, ammonium, strontium, and methyl salicylate or oil of winter- 
green. Those most used at the present time are sodium salicylate and 
acetylsalieylic acid (aspirin). 

Sodium salicylate is the most frequently used preparation. A satisfac- 
tory daily dosage is 1 grain per pound of body weight. This is admin- 
istered in four doses, distributed through the twenty-four hours. Such 
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dosage may be given for a few days, then reduced as the case warrants 
it. Administration toward the end of the day may tend to reduce unto- 
ward symptoms. 

Acute Rheumatic Fevek. — To effect a cure in rheumatic fever, 
Coburn (1943) believes one of two objectives must be attained. Either 
the immune response of the host must be modified so that the patient 
recovers promptly after his first attack, or the capacity of the infected 
microorganism to elaborat<? antigen must be inhibited by the drug 
used. Since neither of the above objectives has been attained, therapy 
is limited to suppression of the inflammatory process. 

Some investigators believe salicylate therapy may modify the inflam- 
matory reaction and thus inhibit the development of cardiac disease. 
Reid (1948) concludes tliat effective treatment of rheumatic fever with 
salicylate demands that dosage should be controlled by repeated estima- 
tions of plasma or urinary salicylate. Coburn believes that a plasma 
salicylate level of at least 350 micrograms per cubic centimeter may be 
required to siippress the rheumatic reaction and that plasma level below' 
200 micrograms per cubic centimeter may be sufficient to relieve symp- 
toms while masking a progressive inflammatory process. 

Salicylates promptly relieve all local joint symptoms and fever. 
Their effects are temporary. 

Administration. — 1. Oral Administration , — Sodium salicylate is used 
in large doses as a routine measure. Other salicylates, such as acetyl- 
salicylic acid and salysal (salicylic ester of salicylic acid), are effective. 
There is no evidence that large doses, given routinely, are more beneficial 
than smaller doses, provided tlie latter relieves the symptoms. A dose of 
1 or 1.5 grams (15 to 22 grains) should be given every three hours for 
twenty-four hours. If the symptoms are relieved in twenty-four hours 
the dosage is reduced to 0.7 gram (10 grains) every three to four hours; 
if sufllcient improvement has not occurred, the larger doses are continued 
until either a beneficial or toxic effect is manifested. These moderate 
doses are maintained for three or four weeks after symptoms have disap- 
peared and the temperature lias become normal. The toxic dose for both 
sexes is between 8 and 17 grams (120 to 250 grains) ; the salicylates may 
be given in flavored solutions (peppermint, etc.) and with bicarbonate, 
which is supposed to reduce the irritant action on the stomach and 
kidneys by preventing hydrolysis and checking acidosis. The alkali 
may be included in the prescription for salicylates or may be taken 
separately at the same time. 

For rheumatic fever: 

n 

Sodium Salicylate 15.00 Gm. (Sss) 

Sodium Ricarlmnate 8.00 Gm. (3ij) 

Peppermint Water q.s. ad 120.00 cc. (fSiv) 

M. Sig.: Two teaspoonfuls well diluted as directed. 
Discontinue when ringing in the ears and dizziness 
develop. 

2. Rectal Administration , — If salicylates cannot be given orally, they 

may W given by rectum. After a cleansing enema, about 150 to 250 cc, 
(5 to 8 ounces) of a thin starch enema containing from 6 to 8 grams 

(90 to 120 grains) of the salicylate, and from 0.2 to 0.5 cc, (3 to 7 

minims) of tincture of opium are given through a rectal tube. A 
similar dose may be repeated in twelve hours. 

3. Intravenous Administration, — Pure sodium salicylate, made in 20 
per cent solution in sterile distilled water, may be given by vein. The 
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amount recommended is 3 to 10 cc. of 20 per cent solution. This method 
is attended by prompt action, and the stomach is protected in most in* 
stances. Sterile ampules may be used. 

Chronic Arthritis. — In the treatment of chronic arthritis salicylates 
give relief from pain and shorten the course of disease. It is of no 
value in gonorrheal arthritis or arthritis deformans, and is of little 
value in gout. 

Acute Tonsilutis or Peritonsillitis. — Salicylates are considered 
of value in relieving pain and swelling in various forms of tonsillitis. 
Salicylates are given internally. They may be employed also as 
gargles, using 8 grams of sodium salicylate in 180 cc. of peppermint 
water (may harm the teeth). 

Headachks, Sciatica, etc. — Acetylsalicylit* a<*i(] is probably the most 
frequently used drug for headaches, colds, etc. Bed rest combined with 
salicylates often is effective in the treatment of sciatic neuralgia* 

For headache: 

n 

Acotylsalicylic Acid 2.00 Gm. (3ss) 

Ft. cap. Mo. vj. 

Sig. ; One every three hours as required. 

Preparations 

Ammonium Balicylate, Annuonii SaUcylas, N.F. (Nll^tyisOa.) Dosage: 
1 Gm. ( 15 grains). 

Salicylic Acid, Acidum Salicylicum, U.S.P., H.l\ Internally it is best 
given in the form of soluble 8ali<‘ylates. 

Sodium Salicylate, Sodii Salirylas, V.S.P., ]t.P. Jfosngt : 1 Gm. (15 

graims;. 

Esters of Salicylic Acid 

The introduction of salicyl esters was prompted by a desire to 
avoid the undesirable taste and the gastric symptoms usually accom- 
panying the use of ordinary salicylates. The esters are more or less 
insoluble and the salicyl radical is bound so as to l^e liberated only in 
the intestine. These compounds apparently act centrally, causing 
nausea and vomiting. The taste of the esters is more pleasant 
than that of the ordinary salicylates. The esters have no direct action 
on the gastric mucosa; sodium salicylate causes no apparent gastric 
irritation if given with sodium bicarbonate. The mo.nt common esters 
of salicylic acid are acetylsalicylic acid, methyl salicvlate, phenyl 
salicylate and salicin. 

Acetylsalicylic Acid (aspirin) is used extensively in place of the 
salicylates. It was introduced on the theory that it would split up 
only in the intestines, but it evidently splits up partially in acetic 
acid and partially in salicylic acid, in both stomach and bowel. The 
antipyretic action in headache and neuralgia is attributed to the action 
of acetylsalicylate before it has been decomposed. 

It is employed in the medical profession extensively for headache, 
neuralgia, neuritis, rheumatic fever, chronic arthritis, gout, tonsillitis, 
influenza, cystitis, etc. It is usually administered with other remedial 
agents to secure relief from discomfort.s. It is more easily admin- 
istered and apparently disturbs the digestive apparatus less than the 
othor salicylates, but it is more depressing. 

It is quite insoluble and is best administered in tablets and capsules 
As it is an acid, it should not be ordered with alkalies, for this splits 
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Up the drug, liberating salicylic acid which may cause gastric irrita- 
tion and loss of elhciency of the drug. 

The promiscuous use of acetylsalicylic acid (aspirin) by the laity, 
especially for relief of headache, may lead to poisoning, the chief 
symptoms being edema of the lips, tongue, eyelids, nose or of the entire 
face; also urticarial rashes, vertigo, nausea and vomiting and some- 
times cyanosis. Allergic persons are especially susceptible to this drug 

For rheumatoid arthritis (Russell Cecil) : 

Acetylsalicylic Acid 0..'1 Gm. (gr.v) 

Aminopyrine 0.15 Gm. (gr.iiss) 

Acetophenetidin 0.15 Gm. (gr.iiss) 

M. Sig, : One capsule three limes a day. 

Methyl salicylate (wintergreen oil, gaultheria oil, sweet birch 
oil) is antiseptic, antipyretic, antirhciimatic, and rubefacient. It 
is a slightly reddish liquid with an aromatic odor. It is spar- 
ingly soluble in water, and miscible with alcohol. When rubbed on the 
skin it is absorbed, producing mild irritation. \Vhen absorbed, or 
taken orally, it produces the same effects as the salicylates. The ab- 
sorption is slow and irregular, and overdosage may cause toxic symp- 
toms. It is frequently applied as a counterirritant. It is a frequent 
constituent of proprietary “balms.'' 

For treatment of neuritis, chilblains, etc.: 

n 

Menthol 

Methyl Salicylate 

Lanolin 

M. tere bene. 

fciig.: Apply locally as directed 

Phenyl salicylate (salol) possesses antirheumatic, antiseptic, anthel- 
mintic, analgesic, and antipyretic action. Salol was introduced by 
Nencki in IbbU. lie sought to avoid the irritant salicylate action on 
the stomach, to lessen the toxicity, and to obtain a more prolonged 
salicylate reaction by slow hydrolysis in the intestine. The drug is 
decomposed only to a slight extent in the mouth and stomach. This drug 
is a white crystalline powder with a faint aromatic odor and slight 
taste. It is insoluble in water but .soluble in alcohol (1:5). Its anti- 
septic action is increased when it decomposes into its constituents, 
phenol and salicylic acid. After absorption it produces the effect of 
salicylates, but if large doses are administered, phenol poisoning may 
occur. 

Phenyl salicylate is often prescribed alone in capsules, powders, 
or dissolved in olive oil. No matter how it is given, it frequently 
nauseates. 

For relief of pain in influenza, etc.: 

B 

Oitrated Caffeine 0.25 Gm. (gr.iv) 

Acetophenetidin 1.00 Gm. (gr.xxv) 

Phenyl Salicylate 1.60 Gm. (gr.xxv) 

M. ft. cht. No. V. 

Sig.: One every three hours as required. 


1.00 Gm. (gr.xv) 

5.00 cc. (fSij) 
oO.OO Gm. (5j) 
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Sallcin is a j^hicoside found in willow and poplar bark. This com- 
pound may be hydrolyzed into saligenin, which is oxidized to salicylates 
in the body. Salicin yields 45 per cent of salicylic acid, and is there- 
fore, at the most, one-half as elfective. No doubt a decomposition occurs 
in the intestines similar to that of ordinary esters, for, if given by 
vein, salicin is excreted unchanged. When given orally it is excreted in 
the urine partly as salicin, partly as saligenin, and partly as salicylic 
and salicyluric acids. 

Its therapeutic properties, however, have been overlooked. Salicin 
distresses the stomach much less than aspirin and can be taken over 
a longer period of time with no ill effects. Being of purely vegetable 
origin, salicin commends itself over similar drugs of coal tar origin. 
It is well administered with codeine for treatment of pain in neuritis, 
a!id when combined with nux vomica and belladonna it is effective 
in the treatment of respiratory infections. 

Other Esters of Salicylic Acid. — Salysal, N.N.R., salicylic ester of 
salicylic acid, HO.C*H 4 COO.C,H 4 COOH, is insoluble in water and rela- 
tively nonirritating. It is approximately twice as active as sodium 
salicylate and from 5 to 10 grains (0.3 to 0.6 Gm.) two to three times 
a day is the recommended dosage. 

Ethyl Salicylate, N.N.R., the salicylic acid ester of ethyl alcohol, 
C,H 40 HCOO(C,Hg), has the same action as methyl salicylate but is 
said to be less irritating ami less toxic. Dosage: From 0.3 to 0.6 cc. 
(5 to 10 minims) three or four times a day. 

SaVEthyl Carbonate, N.N.R., 0:0(00,11, .0000*11,),, is antipyretic 
and analgesic. It is relatively insoluble in water and in the gastric 
juice, practically avoiding local gastric symptoms and disagreeable 
taste. Dosage: 0.3 to 1 Gm. (5 to 15 grains) three or four times 
daily as required. 

Summary. — In general, methyl salicylate is more efficiently absorbed 
by the skin and therefore is l>etter for external u.se. The acetyl- 
salicylates possess higher analgesic and antipyretic actions. Phenyl 
salicylate is better adapted for use as an intestinal antiseptic. The 
salicylic esters have no particular advantage over sodium salicylate, 
but they have the disadvantage of being more expensive. 

Pkeparatioks 

Acetylsalicylic Acid, Acidum AcetyhnUcylicum, U.S.P. Aspirin, 
C,H4.000CH,GOOH. Dosage: 0.3 Gm. (5 grains). B.P., 0.3- 
1 Qm« (5-15 grains). 

Acetylsalicylic Acid Tablets, Tabellac Acidi AcetylsaHcylici, U.S.P. 

ILsual sizes contain 0.06 Gm. and 0.3 Gm. 

Methyl Salicylate, Methyl Salicylas, U.S.I'., B.P. Dosage: 0.75 cc. (12 
minim.s). 

Phenyl Salicylate, Phenylis Salicylas, U.S.P, (Salol). Dosage: 0.3 
Gm. (5 grains). 

Salicin, Salicinum, N.F. Dosage: 1 Gm. (15 grains). 

OTHER ANTIPYRETICS 
Oinebophen and Neocinchophen 

Cinchophen (phenyl-quinoline-carboxylic acid, CgH,.C,HgN.COOH) was 
introduced under the name atophan, and neocinchophen as novatophan, 
and while the patents have expired they are still available under these 
proprietary names. 
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Cinchophen occurs in small, colorless, needle-like crystals or as a 
white powder. It is almost insoluble in water but soluble in alcohol 
(1:120). Neocinchophen is an ethyl-methyl ester of cinchophen which 
is also insoluble in water. 

Pharmacological Action. — Cinchophen and neocinchophen combine 
the analgesic, antirheumatic, and uric-acid-eliminating properties of 
salicylic acid with the antipyretic action of quinolin. In gout, the 
effects of the cinchophens are attributed to increasing the permeability 
of the kidneys to uric acid and its salts. A single dose exerts its 
greatest action wdthin three hour.s and is practically without effect after 
nine hours. The ability of cinchophen to increase bile flow is more 
pronounced than that of the salicylates. The renal effects are the 
same as for the salicyl drugs. 

Toxicology. — In recent years a number of cases have been reported 
in which the use of cinchophens has resulted in liver damage, the 
most common form being acute yellow atrophy. These drugs certainly 
are contraindicated in liver disease, and should be administered 
only under the supervision of physicians, so that jaundice or other 
evidence of liver injury will be promptly detected. It has been re- 
ported that this liver injury followed as small a dose as 37.5 grains 
of cinchophen. However, Graham (1927) has reported administra- 
tion of 1.5 grams (22 grains) of cinchophen three times daily for 
three consecutive days in each week for a period of six and a half 
years with no apparent injury. Hench (1937), of the Mayo Clinic, 
says that in view of the slight danger of liver damage balanced 
against the great relief afforded by cinchophens, one is justified in 
using them. 

Besides hepatic disturbances, other untoward actions of cinchophen 
and neocinchophen include cinchonism, cutaneous eruptions, and gastro- 
intestinal upset. Cinchonism is characterized by headache, tinnitus 
aurium, deafness, and symptoms of cerebral congestion. The cutaneous 
manifestations arc erythematous rashes, pctechiae, pruritus, and urti- 
caria. The gastrointestinal manifestations include anorexia, vomiting, 
and diarrhea. 

Treatment consists in forcing fluids and the administration of glucose 
in saline intravenously. In acute poisoning gastric lavage with potas- 
sium permanganate, 1:1000 solution, caffeine and sodium benzoate, 0.5 
Gm. {7% grains) subcutaneously, are of value. 

Because of the liver damage cinchophen has been omitted from the 
U.S.P. Some claim that neocinchophen does not damage the liver. 

Tberaiieatlc Uses . — Cinchophen has been used rather extensively in 
the past in the treatment of rheumatic fever, arthritis, gout, neuralgia, 
etc. Due to the possibility of liver damage it has fallen into disfavor, 
and its use has been largely abandoned. Beckman expresses his views 
on their use as follows: . these drugs seem no longer justified 

in the treatment of rheumatic fever, but it is doubtful whether we can 
easily spare them in gout; for here the salicylates are by no means so 
effective.” - 
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Neocinchophen is employed in the treatment of gout, acute rheu- 
matic fever, neuritis, etc. Although there is a possibility of danger in 
its use in the treatment of gout, it is still used. It is usually given in 
tablets or powders. The taste is not disagreeable. Its use should not 
be continued indefinitely. 

Most physicians use 0.5 gram {IVx grains) three times daily during 
three days a week. This may be continued for a few months at a time. 

Preparations 

Neocinehophen, Neocinchophenum, TT.S.P. Dosage: 0.3 Grn. (5 grains). 
Neocinchophen Tablets, TaheJlae Neocinchophem, U.S.P. Usual sizes 
contain 0.3 Gm. and 0.5 Gm. 

Cinchophen, Cinchophenum , N.F. Dosage: 0.5 Gm. (8 grains). B.P., 
0.3-1 Gm. (5-15 grains). 


Colchicine 

Colchicine is the active alkaloid obtained from the seeds of colchicum 
(Meadow saffron) and is thought to have a specific effect on acute 
gout. It is a pale yellow powder with a bitter taste, and it is 
insoluble in water but rather soluble in alcohol. 

Pharmacological Action. — Colchicine possesses antirheumatic and 
analgesic action. It is irritant to the skin and causes redness and 
smarting. When given internally moderate doses have an appreciable 
effect upon the stomach and intestines, but sometimes its use may 
cause nausea and vomiting. Small doses are thought to increase the 
amount of both urea and uric acid eliminated. 

Colchicine has the ability to arrest cell division just before its com- 
pletion. The significance of this is unknown, but it is of interest be* 
cause of its ability to modify the growth of malignant tumors. 

Toxicology. — Overdoses of colchicum produce vomiting, diarrhea, 
perspiration, heat, and abdominal pain. The pulse becomes rapid and 
thready. The respiration becomes .slow, deep, and finally shallow; 
death occurs from respiratory paralysis. 

Treatment, — Empty stomach l)y lavage and emetirs. Demulcent 
drinks and tannic acid are indicated. External heat and stimulants 
may be useful. 

Therapeutic Uses. — This drug is employed in the treatment of 
gout, rheumatic fever, arthritis, and neuralgia. In gout give full doses 
during the attack; this frequently causes nausea and vomiting. Give 
smaller doses between attacks. 

Colchicine is preferable to the wine and tincture of colchicum which 
often vary in potency and tend to deteriorate. To obtain relief full 
doses of colchicine must be used: an initial dose of two tablets (each 
Moo M 20 gffaln or 0.65 to 0.63 mg.) followed by one tablet every one 
or two hours until the pain is relieved and gastrointestinal symptoms 
(nausea, vomiting, or diarrhea) appear. Then the administration of 
colchicine should 1^ stopped. 

In treatment of gout : 

B 

Hodium Salicylate* 10.00 Gra. (3iist») 

Sodium Bicarbonate 8.00 Om. (3ij) 

Colchicum Tincture 15.00 cc. (fS»») 

Peppermint Water q.s. ad 120.00 cc. (fjiv) 

M. Big.: Tablespoonful every four hours. 
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Preparations 

Colchicine, Colchicina, U.S.P, Dosage: 0.5 mg. ^20 grain). Caution; 

Colchicine is extremely poisonous ( U.S.P. ). 

Colchicine Tablets, Tahellae Colchicinae, U.S.P. The usual size con- 
tains 0.5 mg. 

Colchicum Seed, Colchici Semen, N.F., B.P. Yields not less than 0.45 
per cent of colchicine. Dosage: 0.2 Gm. (3 grains). 

Colchicum Seed Tincture, Tinctura Colchici Seminis, N.F. (10% of 
drug). Dosage: 2 cc. (30 minims). 

Tincture of Colchicum, Tinctura Colchici, B.P. Domgc: 0.3-1 mil. 
(5-15 mins.). 

ALCOHOLS 

Most alcohols are hydroxy derivatives of the methane series. Ac- 
cording to the number of hydroxyls they are classified as; (1) mono- 
hydric, i.e., C,HjOH; (2) dihydric, etc. No gaseous alcohols are known. 

Table X 


substance 

CHEMICAL 

FORMULA 

B.P. 

SPEC. 

GRAY. 

RELATIVE TOX- 
ICITY 
(BAER) 

Methyl alcohol 

CH,OH 

66" 



Ethyl alcohol 

C,H,OH 

78" 


1 

Propyl alcohol 

C,H,OH 

97" 


2 

Butyl alcohol 

C,H,OH 

117" 


3 

Amyl alcohol 

C.H„OH 

131" 

IIIBp I hII 

4 


The majority of the alcohols are neutral, colorless liquids with a pleasant 
odor and burning ta.ste. The more important monohydric alcohols, with 
their formulas, boiling point, specific gravity, and relative toxicity, 
are listed in Table X. 

Ethyl Alcohol 

Ethyl alcohol, C,HgOH, has been known in an impure form since 
antiquity. It is obtained by distillation and sub.sequent purification 
from fermented mash of potatoes or grain, from fermented sugar, or 
from w'ine. 

The different alcoholic beverages vary widely in the percentage of 
alcohol they contain; beers have 2 to 6 per cent; wines 7 to 20 per 
cent; spirits, such as whisky and brandy, have from 45 to 60 per cent 
of alcohol by weight. These beverages contain, in addition to ethyl 
alcohol, higher alcohols of the same series, such as amyl alcohol 
(fusel oil), and certain etherlike bodies which are slightly more 
poisonous than alcohol. The toxicity of the various spirits is due 
chiefly to the ethyl alcohol they contain. 

Ethyl alcohol is a colorless liquid of slight odor and burning taste. It 
is miscible in all proportions with water, chloroform, ether, glycerin, 
and most oils. It is incompatible with acacia, albumin, bromine, 
chlorine, chromium trioxide and permanganates. It is solvent for 
resins, fats, volatile oils and alkaloids. It forms the menstmum in 
the official tinctures, spirits, elixirs, and most fluidextracts. 

Ahsolute alcohol, i.e., alcohol which is at least 99 per cent pure, 
occurs as a volatile, inflammable, colorless liquid, with characteristic 
odor and burning taste. It boils at 77.7" C. It has a marked affinity 
for water. 
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Pliannacolo^cal Action. — Ethyl alcohol is a local irritant, anti 
septic, germicide, diaphoretic, and narcotic. After absorption it de- 
presses the central nervous system, especially the higher centers. 

Absorption and Excretion. — ^Alcohol is one of the few substances 
which may be absorbed by the blood stream directly from the stomach 
and the gastrointestinal tract without undergoing digestion. After 
ordinary amounts are ingested, about 20 per cent is absorbed by the 
stomach and 80 per cent from the small intestines. After ab 
sorption it is distributed to all the body tissues by the circulation. 
The concentration of alcohol in the blood and body tissues depends on 
the rate of ingestion of the alcohol, the duration of the time over which 
this takes place, and the concentration of alcohol in the drink con- 
sumed. The liver and brain have a special affinity for alcohol, the 
liver fixing four times and the brain twice as much as is present in 
the blood (Pouchet). During or after a meal, much more alcohol can 
be ingested without toxic effects than can be taken on an empty stomach. 

In ordinary amounts, alcohol is almost completely burned up in the 
body. In larger amounts, not only alcohol, but aldehydes and other in 
completely oxidized products of alcohol may appear in the breath 
and urine. Alcohol never appears in the feces. In the pregnant woman 
there is the same percentage in the fetal blood as in the mother *s 
blood. 

H. W. Haggard and L. A. Greenberg (1934) found that: 

‘‘Alcohol is more soluble in urine than in blood; the ratio of dis- 
tribution at body temperature is of the order of 1 for blood and 1.144 
for urine. 

“After ingestion of alcohol the concentration in the urine corresponds 
to that in arterial blood, in accord with the ratio of solubility of alco 
hoi in the two fluids. 

“This supports Ambard^s contention that alcohol passes through the 
kidneys by simple diffusion. 

“During sixteen hours following ingestion of alcoliol, from 2.1 to 
4.3 per cent of the total amount is eliminated through the kidneys, 
the variation depending upon the rate of secretion of urine. 

“During a similar length of time about 8 per cent of the total amount 
of alcohol ingested is eliminated in the expired air. The amount is 
highly variable, depending upon the volume of respiration. 

“The relation of the concentration of alcohol in the alveolar air to 
that in the arterial blood is exactly that of the distribution of alco 
hoi between air and blood in vitro. 

“Contrary to the generally accepted belief, the rate of oxidation of 
alcohol is not constant regardless of the amount present in the body. 
On the contrary, the rate of oxidation is proportional to the amount of 
alcohol present in the body. 

“Each hour the amount of alcohol present is diminished by a uni- 
form per cent. In four dogs studied the individual percentage rates 
ranged from 21.1 to 15.9 with an average of 17.0, 

“The solubility of alcohol in the blo^ is greater than in the tissues 
as a whole, in the proportion of 1 :0.02.“ 

Local Action . — Concentrated alcohol dehydrates and precipitates pro- 
teins, which accounts for its irritant and astringent action. Applied to 
the skin, in a 60 to 90 per cent solution, it produces redness, itching, 
and burning. In ulcers, unprotected areas, and mucous membranes, the 
irritant action is very great, being attended by pain and smarting. 
The astringent and antiseptic actions of 25 to 50 per cent solutions 
promote healing of ulcers. In the mouth, strong alcohol produces a 
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burning sensation, and if swallowed, the concentrated vapor may 
cause an irritation and reflex closure of the glottis. 

Subcutaneous injections oi alcohol above 50 per cent strength are 
painful. If injected near a nerve it may paralyze or even destroy it. 
Eighty per cent alcohol produces immediate and complete paralysis. The 
paralysis may persist for from one to three years or until nerve regenera- 
tion. Varying grades of paresis may be obtained from solutions of 
alcohol varying in concentration from 25 to 80 per cent strength. 

Action on the Central Nervous System. — The chief action of alco- 
hol on the central nervous system, even in small doses, is that of a 
depressant. Although the early effects suggest primary cerebral stimu- 
lation, it is probable that these phenomena result from depression of 
the inhibitory influence of the higher nervous centers as suggested by 
Schmiedeberg in 1883 and by the majority of recent observers. 

Hymptoms resulting from the action of alcohol on the nervous system 
vary with individuals. One person is rendered sentimental, another 
bellicose, and a third may show few symptoms. The symptoms of acute 
alcoholism are familiar. Normally the baser tendencies are held ic 
restraint by our higher brain centers. Under alcohol the centers that 
control reasoning, judgment, self-control, etc., are cut free from restraint. 
The result is a failure of judgment, failure of moral restraints, speech is 
freer, and confidence in physical and mental ability rises far above the 
normal level. 

Alcohol in sufficient amounts causes incoordination, characterized 
by ataxia, inability to use the hands dextrously, and by mixed or 
incoherent speech. Dodge and Benedict found that small doses caused 
depression of coordination, as seen in the lowered speed of the eye 
and various muscular movements. Miles found that for tw^o to four 
hours after moderate doses of alcohol the patients all had lessened 
coordination of the eye and hand. Skilled workers performed more 
slowly and far more errors occurred. 

The spinal cord is depressed by alcohol even before signs of cerebral 
depression occur, as shown by the earlier muscular incoordination and 
diminished reflex irritability. The simple reflexes in man are lessened 
in speed and strength by 30 cc. of alcohol. This work was carried 
out by Dodge and l^nedict on the knee jerk and the reflex action of 
the eyelids. The use of alcohol in large amounts may cause the 
bladder reflex to fail, resulting in urine accumulation and bladder 
distention, until catheterization is necessary. 

Marchiafava was the first to call attention to alcoholic psychoses 
and to primary degeneration of the nerve fibers in the corpus callosum 
and commissure in men. The clinical picture is that of feeble-minded- 
ness and perversion of the moral sense. 

Action on Respiration and Circulation. — The respiratory and circu- 
latory centers function long after there is complete unconsciousness. 

Respiration , — There is no unequivocal evidence that the respiratory 
center is stimulated by small doses (Hyatt). It is well known that in the 
final stage of acute alcoholic poisoning the breathing becomes more shal- 
low and infrequent, until complete arrest occurs. It requires large doses 
to depress the center. Alcohol is said to stimulate respiration in shock, 
but from the practical point of view the question is of little importance, 
as the stimulation, if present, is too small to be of any therapeutic 
importance. 

Circulation , — There is flushing of the skin in alcohol intoxication 
due to the dilatation of cutaneous vessels. This is accompanied by a 
slight constriction of the vessels of the internal organs which causes 
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a feeling of warmth, but actually heat is lost from the surface, and 
body temperature falls. Alcohol depresses the heat* regulation center 
in the same manner as the antipyretics. 

Small doses (10 to 25 cc.) in man increase the pulse rate, due chiefly 
to increased muscular effort and not to direct action on the heart. 
Excessive amounts of alcohol cause a pronounced fall in blood pressure, 
since they depress both the heart and vasomotor center, and possibly 
the vagus. 

Blood. — I^rge amounts of alcohol must be present to cause perceptible 
changes in the blood in a short time. Small amounts over a long 
period of time seem to cause an actual mobilization of the lipoids, a 
lipoidolysis, perhaps the expression of a definite mechanism. In addi- 
tion, the alkalinity of the blood is lowered, the coagulability increases, 
and the blood becomes more concentrated. 

Effects op Alcohol on Digestion. — Alcohol has an astringent action 
on the mucous membranes of the mouth and pharynx. There is a brief 
period of increased flow of saliva. On reaching the stomach, alcohol pro- 
duces a feeling of warmth and well-being. In small amounts alcohol 
tends to hasten gastric digestion, but when 5 to 10 per cent alcohol 
is present, peptic digestion is decreased. It has been .suggested that 
alcoholic polyneuritis and deficiency diseases may be caused in part by 
faulty digestion and assimilation of food, resulting from the destruc- 
tion of digestive enzymes by alcohol. Using the Cannon method in 
the Harvard Laboratory, L. T. Wright found tliat while a small amount 
of alcohol mixed with food given to animals accelerated the gastric 
peristaltic waves and discharge, large doses produced opposite effects, 
the peristaltic waves being shallow and feeble and the discharge slowed. 

It is apparent, from the results obtained from the experiments of 
various investigators, that sufficient amounts of alcohol inhibit the 
proteolytic activity of certain gastrointestinal enzymes. When large 
quantities of liquor are taken over a long period of time, digestive 
enzymes are destroyed and proper digestion and a.ssimilation of food 
are prevented. Consequently, a deficiency disease may result. 

Action of Alc ohol on Variou.s Organs. — The con.slant use of alcohol 
causes a gradual degeneration of various organs of the body. The effect 
is first evidenced by cloudy swelling followed by degeneration of the 
parenchymatous tissue. Thi.*^ may be followed by connective tissue 
hypertrophy. These changes are evident in the liver, kidney, and heart. 
There are other degenerative changes, e.g., fatty degeneration of the 
intima of the blood vessels. In alcoholics, fatty degeneration of the 
intima of the blood vessels, with loss of elasticity, and atheroma, with 
susceptibility to apoplexy, are common (McQuigan, 1940). Chronic 
catarrh of the stomach, with resulting malnutrition, often results from 
constant use of alcohol. 

The Influence of Ai.(’oiiol on iNFECTiON.—Moderato amounts of 
alcohol increase the susceptibility to bacterial infection. The taking 
of alcohol day after day for years tends to impair the body structure 
and decreases the body’s resistance to disease. It decreases the proc- 
esses of immunization and diminishes the power of tissues to heal. 
There is a high mortality among alcoholics from pneumonia and 
tuberculosis. L^tlnen found by a number of experiments on laboratory 
animals that those given alcohol showed greater susceptibility to infec- 
tion and a greater mortality rate than control animals which received 
no alcohol. He also found it almost impossible to confer immunity 
against rabies, tetanus, and anthrax on alcoholized animals.” 
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Alcoholic Tolerance. — Repeated doses of alcohol produce a toler- 
ance. This tolerance is due in part to the tissues acquiring an in- 
creased capacity to oxidize alcohol and, since oxidation begins at once, 
a larger quantity is tlien needed by habitual drinkers to produce intoxica- 
tion. There is also another factor: the brain will react less to alcohol 
in the habitual user than in one unaccustomed to the use of it. 

The Antiseptic Action of Alioiiol.— Alcohol, in 5 to 10 per cent 
solution, inhibits the growth of bacteria. Dry bacteria may be exposed 
to absolute alcohol for a long time and survive, while 65 per cent 
alcohol solution destroys them immediately. This is explained on the 
greater penetrability of alcoliol in the presence of water. Many sub- 
stances which are antiseptic in water are not effective when dissolved 
in absolute alcohol because they are not ionized. 

The Effect of Alcoiioj. on Growth and Progeny. — Stockard found 
that if male guinea pigs were fed intoxicating doses of alcohol daily 
for one week and then crossed with normal females, the litters were 
small and there were many abnormalities; and this effect was trans- 
mitted through several generations. There is a tendency in both man 
and animal for the tc.stes to degenerate under prolonged use of 
alcohol. The offsprings of habitual drinkers have a tendency to 
a higher percentage of abnormal progen5^ Statistics show that there 
is a greater proportion of ricket.s, chorea, tuberculosis, epilepsy, 
criminality, and alcoholism in the children of alcoholics than in the 
children of total abstainers. There is no question but that alcohol 
in the circulation of the mother is capable of causing harm to the 
child in utero. 

/,s’ Alcohol a Food? It has often been claimed that alcohol is of 
value as a food. It is true that a small amount of alcohol can be 
burned in the body as starches, fat.**, and sugars are burned. Alcohol, 
however, stimulates only normal oxidation. The heat which it liberates 
is at the expense of the tissues and the oxygen which it utilizes is 
the oxygen intended to sustain tissue metabolism. 

The question of wliether alcohol can be considered a food depends 
on the definition of a food. The following definition is often used: ‘*A 
food is something essential for the maintenance of life, when taken in 
the body docs not injure it, will supply energy, build up tissues, repair 
waste, and may be stored in the body. Alcohol is not essential for 
the maintenance of life, does injure the body, will not build up tissues 
nor repair waste, and cannot be stored in the body. Alcohol does 
furnish energy by oxidation and no doubt has a sparing action on 
carbohydrates and fats. 

The food value of alcohol is very limited. Alcohol enters the blood 
and is oxidized at a constant rate, but the supply of energy is fixed and 
cannot be adjusted to the needs of the body and cannot be increased 
to meet a sudden demand. Alcohol cannot be stored for a reserve, nor 
does it increase the basal metabolism, as is evidenced by ordinary food 
stuffs. 

Mellanby has calculated tliat the alcohol oxidized in a dog’s body 
supplied 40 per cent of the total energy lost by the body. He found 
that the rate of oxidation of alcohol is con.'^tnnt, that about 0.185 cc. of 
alcohol per kilo per hour i.s oxidized. He found that this rate was 
not influenced by concentration of alcohol in the blood or by quantity of 
alcohol given. He also found that when the metabolism of the dog was 
increased by severe exercise the rate of alcoholic metabolism was only 
lightly increased* Higgins measured the respiration quotient in man 
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and found that when 30 cc. of alcohol were given, oxidation of alcohol 
began in ten minutos. Ho found that sucrose and fructose were oxidized 
with equal rapidity. 

Labeling of Alcoholic Beverages. — Much of the damage caused by 
alcoholism might be prevented if the provisions of the Food, Drug and 
Cosmetic Act of 1938 were applied to the advertising and sale of alco- 
holic beverages. The following label in conformity with the Food, 
Drug and Cosmetic Act of 1938, was proposed by Drs. Alexander, Moore, 
and Myerson, all of Boston: 

“Directions por Use: Use moderately and not on successive days. 
Eat well while drinking, and if necessary, supplement food by vitamin 
tablets while drinking. Warning: May be habit forming; not for 
use by children. If this beverage is indulged in immoderately, it may 
cause intoxication (drunkenness); later, neuralgia and paralysis (neu- 
ritis) and serious mental derangement, such as delirium tremens and 
other curable and incurable mental diseases, as well as kidney and liver 
damage. ’ ’ 

Therapeutic Uses. — During the last one hundred years the use of 
alcohol in therapeutics has decreased enormously. Pharmacological 
research during the past forty years has dispelled many illusions 
concerning the beneficial action of alcohol. The opinion of the medical 
profession in regard to the value of the internal use of alcohol in 
thera{)eutics is divided. It is now recognized, however, that its 
therapeutic value is limited and its use in the treatment of disease is 
on the decline. 

Externally, alcohol is a rubefacient and astringent, and by its evapora- 
tion, a refrigerant. It is used to harden and cleanse the skin. Soap 
liniment is used as a mild counterirritant. In a concentration of 70 per 
cent it is markedly antiseptic and is employed as soft soap liniment 
in surgery. 

Medicated alcohol (about 70%) is frequently employed for giving 

sponge baths to promote comfort, reduce temperature and prevent bed 
sores. Alcohol sponge baths are often employed but probably do more 
harm than good (Bethea). 

For excessive sweating of feet: 


B 

Alcohol 90.00 cc. (fSiij) 

Tannic Acid 4.00 Gm. (3i) 

Water q.s. ad 180.00 cc. (fjvj) 


M. Sig.: Use as wash twice daily. 

Alcohol Injections , — ^Injections of alcohol into or around the vicinity 
of nerve trunks for the purpose of relieving pain are employed in 
trifacial neuralgia and in sciatica. Injections into the superior laryngeal 
nerve in cases of laryngeal tuberculosis have given palliative relief. 
Alcohol injections are of value in the treatment of pruritus vulvas. 
Several injections are made after anesthesia, using from 2 to 4 minims 
of 95 per cent alcohol. 

Metis f of pain in incurable cancer may be secured by injection of a 
33 per cent ethyl alcohol solution. This is made of oue part alcohol 
and two parts physiological saline solution. One cc. per Kilo is given 
every third day. The solution must be administered slowly 30 to 40 
drops per minute. The total amount given is increased as the patient’s 
tolerance increases until it reaches between 400 and 600 cc. at one 
time. 
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Alcoliolism 

Recent figures (1948) on the amount spent for alcohol in the United 
States are of interest. Nihe billion, GOO million dollars were spent 
during the last year. This amounts to $G7 for every man, woman 
and child in the United States or $103 per person over 21 years 
of age. These figures are three times greater than in 1939. Hence 
the interest of physicians in the alcohol habit. 

There are two forms of alcoholism: (1) the acute type, in which 
alcoholic poisoning is speedily manifested in active excitement or 
depression; (2) the chronic type, in which the continued use of 
alcohol has produced chronic disorders. 

Acute Alcoholism. — ^The toxicologist is usually concerned only with 
acute alcoholism. The symptoms of acute intoxication in the primary 
stage are euphoria, exhilaration, soon followed by more advanced 
emotional symptoms, such as sentimentality or argumentativeness. 

Four stages of intoxication are recognized, namely, a stimulant 
stage, characterized by flushing of the skin and excitement; a narcotic 
stage characterized by ataxia and drowsiness; an anesthetic stage 
characterized by stupor; and finally, a paralytic stage characterized by 
slow respiration, slow pulse, dilated pupils, low temperature, and 
lost reflexes. The patient may recover in a few hours. Often death 
results from the added strain placed on a preexisting disease, like 
coronary arteriosclerosis. 

Alcohol first acts on the cerebrum, then on the cerebellum, and 
finally on the spinal cord and medulla. Death results from paralysis 
of the respiratory center. 

The toxic dose of alcohol varies from about one to two pints of 
whisky or brandy (both 45 to 60 per cent alcohol), death usually oc- 
curring from five to twelve hours after coma be^ns. Death usually 
results when the concentration of alcohol in the blood reaches a con- 
centration of from 0.5 per cent to 1.0 per cent. 

The relation between clinical indications of alcoholic intoxication 
and concentration of alcohol of the blood and urine is presented in 
Table XI {Toxicology, by McNally, 1937). 

Treatment. — In common drunkenness, provided the respiration is 
active and the pulse good, the patient should be allowed to sleep. The 
elimination of the poison occurs rapidly. On awakening, light and 
easily digested foods are indicated. Ammonium carbonate, 4 gp'ams in a 
glassful of water, will counteract depression. In severe cases the 
stomach should be emptied by apomorphine or by a stomach tube. The 
body temperature should be maintained. Stimulants, such as caffeine, 
aromatic ammonia spirit, and strychnine, arc indicated. As sedatives, 
paraldehyde and amylene hydrate" are often used with good results. 

Sodium amytal seems preferable to the old favorite, paraldehyde; 
but large doses are to be avoided while there is much alcohol in the 
stomach. Three* tenths gram of sodium amytal every two hours is in- 
dicated until the patient becomes drowsy, and thereafter less frequently. 
Wien the patient is very disturbed, wet packs, such as a sheet wrung out 
of cold water and wrapped tightly a^ut the patient, are indicated. 
Then place over the sheet a heavy blanket tightly tucked in and pinned 
tightly with large safety pins. The patient may be kept in this pack 
for three to four hours. 

Complieatiims may arise, although they are not common. Pneumonia 
is not as dangerous as previously, due to the sulfonamide drugs. De- 
hydration should be cared for. Thiamine hydrochloride is recommended 
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Table XI 


STAGE 

BLOOD 

ALCOHOL 

URINE 

ALCOHOL 

CLINICAL OBSERVATIONS 

Subclinical 

0-0.11 

0-0.15 

Normal by ordinary observa- 
tion, slight changes detect- 
able by special tests. 

Emotional in- 
stability 

0.09-0.21 

0.13-0.29 

Decreased inhibitions; emotion- 
al instability; slight muscu- 
lar incoordination; slowing 
of responses to stimuli. 

Confusion 

0.18-0.33 

0.26-0.45 

Disturbance of sensation; de- 
creased pain sense; stagger- 
ing gait; slurred speech. 

Stupor 

0.27-0.43 

0.36-0.58 

Marked decrease in response 
to stimuli. Muscular inco- 
ordination approaching 
paralysis. 

Coma 

0.36-0.56 

0.48-0.72 

Complete unconsciou8ne.ss ; de- 
pressed reflexes; subnormal 
temperature; anesthesia; im- 
pairment of circulation; pos- 
sible death. 

Death (uncom- 
plicated) 

over 0.44 

over 0.60 



According to JollifTc, in amounts of 20 to 50 rag. daily for three to 
SIX weeks. The diet should be liberal and well balanced. 

' Alcoholism. — This is a condition resulting from long-con- 

tinued excessive use of alcohol, characterized by degenerative changes 
in all tissues, and in addition, inflammatory changes due to local 
action on the digestive system, which with the nervous system bears 
the brunt of the attack. 

In the di^stive system chronic gastritis is frequent. In the earlier 
stages this is associated with excessive gastric secretion, while later it 
may progress to the atrophic stage with grave disturbances of diges- 
tion and nutrition. Reliable statistics as to the incidence of cirrhosis 
are not available, but it has been estimated that 5 per cent of all chronic 
alcohoucs have cirrhotic livers and about 50 per cent of all cirrhotic in- 
dividuals have a history of alcoholic excesses. 

TJe effects of chronic alcoholism on the circulatory system consists 
of fatty deposits in the myocardium and atheromatous deposits in the 
large vessels. Some patients develop a persistent tachycardia. The eyes 
may become watey and bloodshot. Local ecchymosis, acne rosacea, and 
red face result from continued dilatation of the peripheral vessels. 
Obesity is a frequent characteristic of this condition. 

produces multiple effects on the nervous system, 
vailable degrees of cellular degeneration combined with demyelinization 
and atrophy of the convolutions, increase in amount of subarachnoid 
fltud, and thickening of the meninges are found. Irritability, forget- 
fulness, impairment of judgment, unsteady motions and tremors are 
charwterfstic findings. Expressions of more severe deterioration are 
delWiwm tremens, alcoholic wet brain, and Korsakoff syndrome. 
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DeliHum tremens is an acute metabolic and psychological disturbance 
occurring in drunkards. It /nay be precipitated by a debauch, sudden 
withdrawal of alcohol, trauma, hemorrhage, operations or acute infec- 
tions, especially pneumonia. The onset may be sudden or the attack 
may be preceded by restlessness, insomnia and tremors. The charac- 
teristic symptoms are tremor, delirium and albuminuria. The de- 
lirium is a hallucinatory confusion, visual and auditory. In severe 
cases the^ mortality is high. Fever and acidosis are usually present. 
The terminal stage is usually ushered in bv an abrupt rise in tempera- 
ture to 103* to 105®. 

The alcoholic wet brain is a grave condition which occurs in chronic 
alcoholics who have usually had preceding mental disturbances. Con- 
fusion passes into stupor or coma. Fever is a characteristic finding. 
No consistent pathological findings are present. The mortality is high. 

Korsakoff syndrome or psychosis polyneuritica, is characterized by 
loss of memory, tremors, thick speech, visual hallucinations, associated 
with polyneuritis (vitamin B, deficiency). Other mental disturbances 
include chronic hallucinosis and states which simulate paranoid de- 
mentia. 

Treatment. — Prognosis is poor. Dementia is permanent. There are 
no specifics or combinations of drugs that can effectively check the drink 
impulse except nt the j)eril of its breaking out again with greater force. 
Institutional therapy offers the best immediate hope. Effective treat- 
ment should include the substitution of other interests for the emotional 
appeasement received from alcohol. Withdrawal of alcohol, medication 
with the barbiturates and with scopolamine, and frequent saline 
cathartics form the basis of treatment of chronic alcoholism. Amphet- 
amine (benzedrine) sulfate has been found useful in the treatment 
of alcoholism. Bloomberg (1039) recommends 20 mg. daily in divided 
doses to alleviate the craving ami tliu.s enable the patient to become 
re-estal>lished. 

In the treatment of chronic alcoholism two other methods deserve 
brief mention because of the .success they have attained — namely 
AU'ohoUcs Anonymous and tlie other, the conditiofud reflex treatment. 

Alcoholics Anonymous is a psychological approach to the problem. 
Dr. P. L. Smith in Vsychiatrie Quarterly (Official Organ of New York 
Department of Mental Hygiene) reported 50.1 per cent recovery in a 
group of 111 patients. 

Conditioned Beflex Treatment. This method is based on the establish- 
ment of an unpleasant conditioned reflex to accompany the drinking 
of ah’oholic beverages. The patient is given a ilose of emetine hydro- 
chloride (about 1 grain) with his favorite drink. This leads to nausea, 
and when thi.s appears a further dose of emetine hydrochloride is in- 
jected, which causes vomiting in two to eight minutes. By repeating 
this proecvlure several times on different occasions the patient then 
finds that he lavomes nau.seated and vomits when he takes a drink which 
does not contain emetine. 

Dr. 11. Keose u.ses this method in Madhson, Wisconsin, on chronic 
alcoholics who appear in court and wish to be cured ; they are detained 
for thirty days. He regards this method tis the only effective method 
of treating alcoholic.^. 

For delirium tremens and alcoholic wet brain injections of hypertonic 
solutions, alkalinization, and circulatory stimulants arc indicate. Re- 
"cently, 5 per cent glucose solutions and salt tablets have been used 
successfully in delirium tremens. Frequent drainage of spinal fluid 
may bo indicated to relieve its increased pressure. Paraldehyde or 
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sodium amytal are indicated for maniacal symptoms. Intravenous in- 
jections of vitamin Bj (50 mg) daily for several days have been re- 
cently recommended. 

Preparations 

Alcohol; Alcohol, U.S.P., B.P. Not less than 92.3 per cent by weight 
and 94.9 per cent by volume CjHeOH. 

Dehydrated Alcohol, Alcohol Dehydratum, N.F., B.P. (‘^ Absolute 
AlcohorO 99% by wt. C-HbOH. 

Diluted Alcohol, Alcohol IHlutum, U.S.P. 49% by vol. CjIIbOH. 
Whisky, Frumenti, U.S.P. 50%. CallgOH. 

Brandy, Spiritus Vini Fitts, U.S.P. 51%. C,HbOH. 

Methyl Alcohol 

Methyl alcohol (methanol), CH,OH, is contained in methylated 
spirit (5 to 10 per cent) and is the chief constituent of wood spirit. 
It is not employed as a tlierapeutic agent, but is of interest chiefly 
from the toxicological standpoint. 

Action and Uses . — In general, the action of methyl alcohol is similar 
to that of ethyl alcohol and is exerted mainly on the central nervous 
system. The drug is slowly destroyed in the body and its cumulative 
action is a result in part of its slow excretion. After giving approxi- 
mately 120 cc. Voeltz and Dietrich (1912) found that during twenty-one 
days about 21 per cent was excreted unchanged by the lungs, 3 per cent 
in the urine, 39 per cent was burned, and 37 per cent still remained in 
the tissues. 

Methyl alcohol is used extensively in various industries. Among the 
common uses are: as a solvent for shellac, in paints and varnishes, as 
radiator antifreeze, as an adulterant of alcoholic beverages, in cosmetics, 
and in a number of other industrial processes. 

Toxicology. — Methyl alcohol is especially an American poison and 
has probably done more damage in the United States than in all 
other civilized countries put together (Hamilton). 

The symptoms of acute methyl alcohol poisoning are very similar 
to those of ethyl alcohol poisoning so far as the intoxication 
is concerned, but differ in that in methyl alcohol toxicity there 
is marked irritation and the after effects are more serious. This 
may be partly explained by the difTercnce in oxidation of methyl 
alcohol in the body. Ethyl alcohol is oxidized to carbon dioxide 
and water, while methyl alcohol, on the other hand, is oxidized very 
slowly to formaldehyde and formic acid, both of which are intensely 
irritating. 

The initial symptoms of poisoning occur rapidly; they are ab- 
dominal pain, general weakne8.s, nausea, vomiting, headache, cramps, 
dyspnea, and cyanosis. If recovery does not occur, there is marked 
depression of the heart, a sighing respiration, cold sweats, delirium, 
coma, and death. Blindness may appear in a few hours or be delayed. 

One of the sequelae of methyl alcohol poisoning is bilateral impair- 
ment of vision. This may occur in acute attacks or follow chronic 
exposure to the drug. The symptoms appear early or after a few 
days, with photophobia, followed by gradual loss of sight due to 
atrophy of the optic nerves. 

The fatal dose varies from 30 to CO cc. The patient may die in from 
twenty-four hours to three days. At autopsy, the skin is cyanotic and 
the organs are congested, especially the brain. The lungs are usually 
edematous. 
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Treatment.— -If the patient is seen within twelve hours of ingestion 
of alcohol and is not comatose, the stomach should be washed out with 
a warm 2 per cent solution of sodium bicarbonate, followed by a 50 per 
cent solution of magnesium 'sulfate. Warmth is essential. Follow every 
two hours with 3 Gm. of sodium bicarbonate in a glassful of water 
until several doses have been given. If there are coma, cyanosis, and 
depressed circulation, administer intravenously 1,000 cc. of Fischer’s 
solution (0.37 per cent sodium carbonate, and 1.4 per cent sodium 
chloride). 

Isopropyl Alcohol 

Isopropyl alcohol, Propan'2‘ol.‘CH,.CH(OH).CH„ is a clear, colorless 
liquid with characteristic odor and a bitter taste. It is miscible with 
water in all proportions and is miscible with chloroform and ether, but 
insoluble in salt solutions. Its specific gravity at 25® C. is from 0.780 
to 0.790. It volatizos at low temperature and boils at from 81® to 
82® C. 

Isopropyl alcohol is a solvent for creosote and may be used as a 
prophylactic agent against creosote hums. Recent investigations in- 
dicate that isopropyl alcohol compares favorably with ethyl alcohol in 
anti-infective action. It has been ranked ahead of ethyl alcohol as a 
disinfectant for the hands. It has been recommended for the disinfec- 
tion of the skin and of hypodermic syringes and needles. A 50 per 
cent solution colored red is used for preoperative preparation by the 
surgeon and also on the field of operation. 8ince it does not affect 
the potency of insulin, it can be used as a distinfecting agent in con- 
nection w’ith the administration of this drug. 

Isopropyl alcohol is suitable for rubbing compounds, the follo^ving 
formula having been used for the University Hospital of the University 


of Michigan, as a back lotion. 

R 

Isopropyl Alcohol 25.0 cc. 

Glycerin 10.0 cc. 

Acetic Acid, 4 per cent 2.5 cc. 

Water, (ps. 100.0 cc. 


(’oloring and perfume may be added. 

M. Sig.: Use as rubbing compound. 
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CHAPTER XII 


DRUGS ACTING ON THE PERIPHERAL NERVOUS 

SYSTEM 

L PARASYMPATHETIC NERVOUS SYSTEM 

TH£ AUTONOMIO KEBVOUS SYSTEM 

The autonomic nervous system consists of that division of the 
nervous system 'which controls the functions of all tissues except 
those of the striated skeletal muscle. Thus, by the autonomic 
nervous system’’ is meant tke whole nervous mechanism that regulates 
the vegetative side of life — nutrition, reproduction, circulation, and 
body temperature. Broadly speaking, it controls all unstriated 
muscles, including heart and blood vessels, muscles of the bronchi, 
thoracic and abdominal viscera, external generative organs, erection 
of hairs, involuntary muscles of the eye, and the glands. In speaking 
of the functions of the autonomic system Claude Bernard said. 

Nature thought it prudent to remove these important phenomena 
from the caprice of an ignorant will.” 

Winslow (1732), believing that this system controlled the sympathies 
of the body, introduced the term sympathetic, Bichat (1800) used the 
term vegetative to designate its control over essentially nutritive proc- 
esses. Gaskell (1916) suggested involuntary^ contrasting its activities 
with those of the voluntary system, governing muscular contractions. 
Langley (1921), finding the terminologies confusing, suggested the 
phrase autonomic nervous system, which includes all functioms subject 
to involuntary nervous control such as the smooth and cartliuc muscles 
and the glands. They are capable of functioning automatically when all 
connections with the cerebrospinal axis are severefl. Their functions, 
however, are regulated and modified by central impulses. 

Divlaioiui of the Autonomic Nervous System. — The autonomic nerv- 
ous system consists of two fairly distinct anatomical division.s which 
stand in more or less functional opposition to each other. The two 
divisions of the autonomic nervous system are ; ( 1 ) the parasympathetic, 
craniosacral, or cholinergic division, and (2) the sympathetic (ortho- 
sympathetic), thoracolumbar, or adrenergic division. 

Parasympathetic System , — The parasympathetic nervous system is 
characterize by its cranial fibers leaving the cord by way of the third, 
seventh, ninth, tenth, and eleventh cranial nerves. The sacral pre- 
ganglionic fibers run in the visceral rami of the second, third, and 
fourth sacral nerves. The parasympathetic system is augmentor to the 
organs derived from endoderm. - It supplies the eyes, upper part of 
the digestive tract, heart, lungs, salivary glands, blood vessels of the 
head, sweat glands, bladder and sexual organs, and the lower parts of 
the fidimentary tract. (Fig. 5.) 

Sympathetic Nervous System , — The sympathetic division is generally 
augmentor to organs derived from ectoderm. It consists of a chain 
ganglia lying ou&de of the central nervous system. These ganglia are 
eonneeted with the spinal cord by means of white rami coming from 
the lateral gray horns and branches to the various visceral plexus. The 
ganglia, in turn, send gray rami to the peripheral nerves to supply vaso- 
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motor fibers to the blood vessels and secretory fibers to the skin. Fibers 
pass from the cerebral cortex to the hirpothalamic region, thence to the 
pons and medulla and to the eighth cervical and first thoracic segments 
to the spinal cord, and emerge and pass in the cervical sympathetic 
chain to the superior cervical ganglia. The cervical sympathetic fibers 
supply the dilator pupillae, the orbital muscle of Muller, the involuntary 
levator muscles of the upper lid, the sweat glands, and the blood vessels 
of the face. 

The innervation of the sweat glands is anatomically purely sympa- 
thetic, but it reacts pharmacologically as if it were parasympathetic. 
The uterm also occupies a peculiar position; its sympathetic innerva- 
tions respond to both parasympathetic and sympathetic drugs. The in- 
nervation of glands derived from epidermis (sweat) receive their aug- 
mentor supply from sympathetic nerves; the parasympathetic augments 
the endodermal glands such as the pancreas, gastric mucosa, etc. The 
salivary glands probably have cells derived and innervated from both 
systems. 

Chief Functions of the Autonomic System. — The details of the 
action produced by the autonomic nerves are complex but the chief 
functions are summarized in Table XII (Meyer, Gottlieb and Biedl). 

Sympathetic and Parasympathetic Antagonism. — ^The sympathetic 
and parasympathetic nervous systems are essentially antagonistic. 
Pharmacologically, there is a certain amount of overlapping between 
the two systems. The sympathetic dilates the pupil, the parasym- 
pathetic contracts it; the sympathetic accelerates the heart, the 
parasympathetic slows it; the sympathetic contracts the arterioles, 
the parasympathetic inhibits vasoconstiiction ; the sympathetic inhibits 
peristalsis, the parasympathetic stimulates j^eristalsis; the sym- 
pathetic aids filling of the bladder by contracting the sphincter and 
inhibiting the detrusor muscle, the parasympathetic inhibits the 
vesical sphincter and stimulates the detrusor, thus causing emptying 
of the bladder. The sympathetic erects the hairs and causes sweat- 
ing. The sympathetic is essentially catabolic, the adrenal glands 
and sympathetic together fitting the body for emergencies; the para- 
sympathetic is anabolic, maintaining the metabolism, good health, and 
happiness of the individual. ^ 

Although the two divisions of the autonomic nervous system — ^para- 
sympathetic and sympathetic — are anatomically quite distinct, a strict 
physiological antagonism does not exist. The state of activity of the 
organism, at the time of the nerve stimulation, determines in large part 
the response. The greater the level of activity, the less susceptible are 
the organs to stimulation, and the more reactive to depressants; the 
lower the level of activity, the more reactive to stimulation and the 
less responsive to inhibitory influences. For example, epinephrine has 
greater accelerating influence in complete heart blo^ when the ven- 
tricular rate is slow than when it is fast. 

Transmission of Nerve Impulses. — In 1004, T. R. Eliott suggested 
that sympathetic nerve impulses released a stimulating substance 
(epinephrine-like) at the nerve endings. In 1914, Dale, studying 
acetylcholine, noted that it produced effects similar to those caused 
by parasympathetic nerve stimulation. He noticed the brief duration 
of action and believed an esterase in the body rapidly hydrolyzed the 
acetylcholine to the less active choline. Otto Loewi contributed 
brilliant results of research in this field. His clinical experiments on 
frog hearts may well be mentioned: He noted that an accelerator 
(epmephrine-like) substance was liberated on stimulation of ^e 
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Table XII 


Effect of Stimulation of Sympathbtics and Parasympathbtics 


organ 

sympathbtics 

PARASYMPATHETICS 

Skin 

Pilomotor muscles 
Sweat glands 

Contracted 

Increased 

Decreased 

Eye 

Iris 

Ciliary muscle 

Smooth muscle of 
orbit 

Dilatation ^ 

Relaxed for far 
vision 

Constriction 

Constriction ^ 
Accommodation for 
near vision 

Heart 

Bate 

Output 

Accelerated 

Increased 

Slowed 

Decreased 

Blood Vessels 

Coronary 

Skin and mucosa 
Muscle 

Cerebral 

Pulmonary 

Abdominal viscera 

Dilatated 
Constricted 
Dilatated, con< 
stricted 
Constricted 
Constricted 
Constricted 

Constricted 

Dilatated 

Dilatated 

Dilatated 

Dilatated 

Dilatated 

Lungs 

Bronchial glands 
Bronchial muscle 

Inhibited(f) 

Relaxed 

Secretion 

Constricted 

Stomach 

Motility and tone 
Secretion 

Sphincters 

Decreased 

Inhibited(f) 

Contracted 

(usually) 

Increased 

Increased 

Relaxed (usually) 

Intestine 

Motility and tone 
Secretions 

Sphincters 

Decreased 

Inhibited{f) 

Contracted 

(usuall)^ 

Increased 

Increased 

Relas^d (usually) 

Gall Bladder and Ducts 

Relaxed (t) 

Contracted 

Uterus 

Pregtiant 

NonpriSgiiant 

Stimulated 

Stimulated(f) 

Stimulated 

Stimulated or relaxed 

Urinary Bladder 

Trigone and 
sphincter 

Detrusor 

Contracted 

Relaxed 

Relaxed 

Contracted 
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Table XII — Cont^d 


ORGAN ' SYMPATHETICS PARASYMPATHBTICS 


Ureter 

Motility and Tone Decreased Increased 


Salivary Glands Secretion (small Secretion (large 

amount, thick, amount, thin) 
mucinous) 


Lacrimal Glands Secretion 


Nasopharyngeal Glands Secretion 


Pancreatic Islets and Seeretion(f) 

Acini 


Liver Glycogenolysis 


Adrenal (medulla) Secretion of epinephrine 


Spleen (capsule) Constricted 


sympathetic nerves in the frog’s vagus. He noted that atropine and 
ergotoxine prevented slowing or acceleration of the rate of the heart, 
but did not prevent liberation of substances which slowed or ac- 
celerated a second heart which was connected in such a manner as to be 
bathed by the same fluid as nourished the first heart. Furthermore, he 
demonstrated that his vagus substance” was an unstable choline- 
ester, capable of being hydrolyzed rapidly by an esterase in the heart 
muscle, and that physostigmine delayed this hydrolytic action. These 
phenomena, noted in the heart, have been duplicated in other organs 
of the body. 

Cannon and his co-workers believe that the true sympathetic nerves, 
on stimulation, liberate two substances: ”sympathin E,” which 
stimulates distant motor sympathetic endings, and ‘^sympathin I,” 
which stimulates distant inhibitory endings. This concept has no 
analogy in the parasympathetic system, where acetylcholine acts on 
all cells sensitive to it, regardless of whether it w^as released by in- 
hibitory or augmentory nerves. 

The ” vagus substance” of Loew*i and acetylcholine are apparently 
identical. Both substances are dialyzable, are stable in acid media, 
are rapidly inactivated by blood or tissue esterase, and both are pro- 
tected from inactivation by physostigmine. ^ 

Sympathin and epinephrine are also quite similar; they givaaimila^ 
colorimetric tests, produce similar sympathomimetic effects whm|||| 
are enhanced by cocaine, and both are easily destroyed by al«R 
Sympathin, however, differs from epinephrine in its respons^- 
ergotoxine. i 

There are noteworthy exceptions to the statement that libi^jiated*/ 
acetylcholine initiates parasympathetic actions and that sympathliks^ 
(E and I) initiate sympathetic effects. For example, sweat gla^tdai 
though innervated by sympathetic fibers, form acetylcholine on atiAu- 
lation. Likewise, some s^^mpathetic nerves of certain blood Are8SM| 
dilate through the action of acetylcholine mechanism. In ordqK^H 
name nerve fibers and impulses in functionally descripti^ 
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Dale suggested that the fibers whieh liberate acetylcholine be called 
oMinergiOf and that the term adrenergic be given to those which liberate 
sdrenalin-like substances. 

The actions of atropine, pilocarpine, and acetylcholine on sweat glands 
EUid the apparent absence of any epinephrine effect may now be ex* 
plained by the fact that the fibers are ' ^ cholinergic ” although coming 
from the sympathetic system. Also, the vasodilator and nicotinic 
actions of acetylcholine are explained on the basis of the ' ^ cholinergic ' ’ 
nature of the preganglionic fibers and nerves to certain blood vessels. 


Mtffm 




Fig. e. — Balance between sympathetic and parasynipathetic nerves 
esterase (Myerson: Human Autonomic Pharmacology, J. A. M. A. 110: 
101, 1038). 

Swmmary. — ^Elliott, Loewi, Dale, Cannon, and their followers think 
that the theory of the two chemical mediators is an adequate explana- 
tion of nerve impulses. Many facts, however, are incompatible with 
this theory; for example, some of the actions of atropine on the bladder 
and also on the intestines are difficult to explain on the basis of this 
theory. We may summarize autonomic pharmacology as follows: Stim* 
ulation of the sympathetic fibers results in a secretion of an epinephrine 
like substance, igmpathin (Fig. 6), at the nerve endings, while stimu- 
lation of parasympathetic fibers yields acetylcholine at the nerve end- 
ings (fig, 7). E^h of these substances stimulates the visceral organ 
icf produce resp^tive sympathetic and parasympathetic effects. The 
parenteral injection of adrenalin results in sympathetic effects while 
that of acetylcholine produces parasympathetic effects. Each of these 
autonoittic ^humoral substances are destroyed by enzymes. Aminoxidase 
desteoys adrenalin but much more slowly than does choline eiUrase 
hydrolyze acetylcholine (Figs. 6 and 7). The action or^acetylcholine 
at these end plates is nicotinic in nature, being abolished by curare. 
Recently, considerable attention has been paid to the possible role of 
ace^kholine in synaptic transmission in the central nervous system. 

dlnlcal Ximportaace of Autonomic Nervous System. — The autonomic 
nervous, system reaches to every part of the human body and conse- 
quentty a knoirledge of this complex system and of the effects of 
drugs on ft is of primary importance in medicine. Since all activities 
which are essential to man as an individual occur at the vegetative 
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level, it is strange that the autonomic nervous system, up until just 
recently, has received so little attention from the medical profession. 
When we realize that there is possibly no function of the autonomie 
system that cannot be directly or indirectly modified by the action of 
drugs, and that there are thousands of drugs, any one of which can 
act on some part of this complex mechanism, then only can we appre- 
ciate its true importance. 

There are many diseases that are due to the failure of the autonomic 
system to function properly. Dysfu nction of the autonomic system, 
no doubt, is an important factor in such diseases as bronchial asthma, 
anj^oneurotic edema, urticaria, migraine, angina pectoris, diabetes 
insipidus, auricular flutter, and many more. Hence, a thorongh knowl- 
edge and understanding of the whole autonomic nervous mechanism is 
a necessity for the present-day practice of medicine. We should bear 
in mind that the administration of drugs should be based on a thor- 
ough knowledge of their effects on normal and abnormal physiological 
processes. The clinician should make his diagnosis in terms of dis- 
organized processes and then administer that drug which will best aid 
the organism to return to normal. 


SYMPATHETIC 


ADUNAUN 

BENZEOeiN 


\ 


Adrtnfnftc 

aciion 



7. — ^Working hypothesis of human autonomic pharmacology (Myerson ; 
Human Autonomic Pharmacology, J. A. M. A. 110: 101, 1988). 


AXJTONOMIO DRUGS 

The term '^autonomic drugs’' is generally applied to those drugs 
which act chiefly on the autonomic nervous system to mimic or oppose 
the peripheral effect of nerve impulses of the autonomic nervous sys- 
tem. They may be grouped into four main classes of drugs: (1) &e 
parasympathomimetic, which tend to produce stimulating effects on the 
parasympathetic nervous system; (2) parasympatholytic (or anti-para- 
symputhomimetic), which tend to paralyze the parasympathetic nervous 
system; (3) the sympathomimetic drugs, which tend to stimulate, and 
(4) the sympatholytic (or anti-sympathomimetic) which tend to 
paralyze or inhibit the sympathetic (or orthosympathetic) nervous sys- 
tem. 

Certain discrepancies are found in the effects produced bpr the various 
groups of autonoinio drugs. The uncertainty that prevaus regarding 
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Table XIII 
Autonomic Drugs 


Parasympathomimetic 

(stimulation) 

Acetylcholine ^ 

Pilocarpine f 
Physostigmine ^(Eserine) 
Neostigmine tl^ostigmine) 
Methacholine (Acetyl-beta- 
methylcholine) 

Carbachol ^Carbamylcholine 
chloride) 

Di-isopropyl Fluorophosphate 
Choline 
Arecoline 
Muscarine 
Sympathomimetic 

( orthosympa thoni i met ic ) 
(stimulation) 

Epinephrine ^ 

Ephedrine • 

SjTithetic Sympathomimetic Drugs 
Amphetamine (Benzedrine) 
Phenylephrine ( Neosyiiephrine) 
Kephrine 
Paredrine 
Propad rine 

Naphazoline (Privine Hydro- 
chloride) 

Tuamine 

Vonedrine 

Tyramine 


Parasympatholytic 

(inhibition) 

Atropine 

Scopolamine 

Hyoscyamine 

Stramonium 

Homatropine 

Eucatropine 

Homatropine metliylbromide 
Eumydrine 


Sympatholytic 

( orthosympatholy tic ) 
(inhibition) 

Ergotoxine 

Ergotamine 

Yohimbine 

Synthetic Sympatholytic Drugs 
Dioxane Derivatives 
1 )ibenzam i ne J I y(lrochlori« le 
Imidazoline Derivatives 


the exact mode and site of action of these drugs makes it difficult to 
adopt a classification that does not contain certain disagreements. It 
should be realized that since there is a close interrelationship of the 
two branches of the autonomic system supplying the various orgtins, 
stimulation of one branch may tend to a compensatory stimulation of 
the other; thus, many unpredictable effects or seemingly discrepancies 
arise. iSirthermorc, parasyinpathoraimetic drugs may,* especially in 
large doses, have nicotinic action which produces sympathomimetic as 
well as parasympathomimetic effects. It should also be kept in mind 
that autonomic drugs frequently have a central effect which may at 
times be more apparent than their peripheral effects.' 

This simple classification requires considerable qualification, for the 
real actions of these drugs are more complex than are indicated by the 
simple arrangement given. In general, we may say that acetylcholine 
produces all the effects produced by stimulation of the parasym- 
pathetic system and that these effects are paralyzed by atropine. 
Acetylcholine, however, produces many other actions which are not 
produced by stimulation of the parasympathetic. 

In general, we may say that epinephrine and pilocarpine produce 
almost CKOCtly the same effects as are produced by stimulating the sym- 
pathstfe and parasympathetic nerves respectively. The action of epineph- 
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rinoi however, includes additional actions not identified with sym- 
pathetic stimulation, i.e., increase in metabolism, etc. 

Ergotoxine and ergotamine antagonize adrenalin and sympathetic 
stimulation, but they also possess stimulant efiects on smooth muscle. 
Pilocarpine apparently acts by stimulation of the ‘^receptive mecha- 
nism of the parasympathetic nerve ends, while physostigmine evi- 
dently acts by preventing the destruction of acetylcholine (which stimu- 
lates the parasympathetic) by choline-esterase. In addition, pilocarpine 
continues to act after denervation of tlie pupil, but physostigmine no 
longer acts after denervation. 

These examples indicate the general complexity of all drug action. 
There are, however, certain general actions with which we should be- 
come familiar, even though other exceptional and complex actions 
of less importance are produced. 

PARASYMPATHOMIMETIC DBUOS 

The parasympathomimetic drugs or the drugs which produce the 
action ot* acetylcholine, in general may be saiil to increase the activity 
ot* the parasympathetic nervous system. Members of this group in- 
clude acetylcholine, pilocarpine, physostigmine, neostigmine, metha- 
choline, carbachol, di-isopropyl liuorophosphate, choline, arecoline, and 
muscarine. 

Acetylcholine 

Acetylcholine is a derivative of choline. The acetylation increases 
the depressor effect 100,000 times, and the toxicity only three times. 
Recent investigation has developed strong evidence to show that the 
chemical mediator of parasympathetic nerve impulse is acetylcholine. 
It is very similar to Loewi's “vagus substance." Acetylcholine ap- 
parently is concerned with the .synaptic transmission of nerve impulses 
in certain autonomic ganglia. Extracts of the vagus nerve give tests 
for acetylcholine, the only clioiiiic ester which has been isolated from 
animal tissues. The drug is extremely potent in high dilutions. The 
physostigininized dorsal mu.scle of the leech will contract when placed 
in u 1:20,000,000,000 dilution of acetylcholine. 

The action of acetylcholine is similar to the action produced by 
stimulation of the parasympathetic nervous system. The effect, which 
occurs in dilutions as high as 1:100,000, is abolished by atropine. 
Use is made of this action to assay atropine. Acetylcholine .13^ 
antagonized by atropine. Our present knowledge seems to indicate 
that the antagonism includes also that of cholinergic " nerve endings 
whenever they occur, for example, in postganglionic sympathetic nerves 
to sweat glands and certain blood vessels, preganglionic fibers to 
autonomic ganglia and somatic nerves to voluntary muscle. 

Acetylcholine chloride has been used for treatment of spasm of 
the involuntary muscle, as in lead colic. The dose is 1 to 3 grains (0.06 
to 0.18 Gm.) once or twice a day subcutaneously. The well-established 
parasympathetic stimulatory action of acetylcholine is of little therapeu- 
tic value because of the instability of the drug and its fieeting action. 

Pilocarpine 

Pilocarpine is the principal alkaloid obtained from the leaves of a 
South American shrub, Pilocarpus jahorandi. The plant usually assays 
about 0.6 per cent alkaloid. The drug, which is also prepared syn- 
thetically, readily forms crystalline soluble salts with acids. 
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Other obtained from PHoearpua jahorandi are iso-pilocarpine 

wd pilooarj^idine. They have similar actions but are markedly unequal 
in power, iso-pilocarpine being the strongest and pilocarpidine the 
weakest. 

Phannacologlcal AcUon. — ^Pilocarpine is of importance chiefly be- 
cause of its diaphoretic, diuretic, sialogogue, and miotic action. It 
acts most powerfully on the pupil of the eye, on the secretion of 
swMt, and on the^ movements of the gastrointestinal tract. The chief 
action of pilocarpine is the stimulation of the * * receptive substances ' * 
directly, by acting peripheral to the nerve endings and causing para- 
sympathetic effects, e.g., cardiac inhibition^ c ontraction nf amonfh 
muscle or the~oye, bronchi^es and alimentary tract, and secretion 
from the salivary, bronchial, and gastric glands. (See Table XIV). It 
also stimulates the sweat glands which receive excitatory flbers from the 
sympathetic. The mechanism does not degenerate after section and de- 
generation of the nerve, hence, pilocarpine acts after the nerves are 
destroyed. 

Absorption and Exeretion . — ^Pilocarpine is readily absorbed from the 
^in, mu<^u8 membrane, and from other tissues. It is rapidly excreted 
in the urine, saliva, .and sweat. There is no cumulative action. ^ 

Aet%on on the Eye . — Pilocarpine solutions instilled in the eye cause 
(1) contraction of the pupil, reaching its height in one-half hour and 
subsiding after three hours; (2) stimulation of ciliary muscle, resulting 
in spasm of accommodation and adjustment of the eye for near vision, 
and (3) a preliminary rise in intraocular tension, which may last for 
one-half hour and be followed by a fall in pressure. The fall in intra- 
ocular tension follows contraction of the pupil and results from an 
increased escape of fluid Into the spaces of Fontana, which are opened 
by contraction of the ciliary muscle. The contmction, <if thn pu pil jg 
due to stimulation of the endings pf jihe oculpnmtor neryjs. in. the JBOn- 
itrictor muscl e. 

Action on Glands . — ^Pilocarpine increases secretion of saliva, sweat, 
^rs, muctm, gastric juice, pancreatic juice, and, no doubt, milk and 
intertinal juice. The amount of sugar in milk is increased by pilo- 
^rpine. Gastric acidity is probably not increased by pilocarpine. There 
is no increase in urine and bile, and these secretions are not in- 
fluenced by nerves. This indicates that the action Is not directly on 
gland cells. ^ Mropin e will stop increased secretion, which indicates 
that the aetion'lfnot on the secretory cells, since atropine does not act 
on c^and ceUs. Section of the secretory nerves does not alter the action 
of pilocarpine. 

Pilocarpine is the most potent diaphoretic at our command; five to 
nine pounds of body weight may be lost through the skin after a single 
dOM of pilocarpine. The secretion of sweat is due to glandular ac- 
tivity, and follows excitation of secretory nerves. The sweat glands 
are under control of the sympathetic system, although the action of 
drugs would indicate that the sweat glands belong to the para- 
sympathetic. The diaphoretic value of this drug is chiefly in con- 
ditions in which there is an excess of fluid in the tissues, and in which 
kidneys are not excreting properly, as in nephritis with uremia, and in 
djmay. Ito use is also indicated in pleural and pericardial effusions. 

Aetion on Unsiriated Muscle . — Pilocarpine causes stimulation of the 
ree^tive substance of the parasympathetic nerves, causing contraction of 
most unstriated muscles. The intestines are especially stimulated (Fig. 
S), causing diarrhea and colie. The bronchi, bladder, and pupils are 
contracted. The uterus and smooth muscle of the blood vessels do not 
appear to be affected. 
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ABtion on Circulation. — Pilocarpine slows the heart in large doses 
through stimulation of the cardio'inhibitory vagus nerve terminals (Fig. 
8). A moderate fall of blood pressure (Fig. 8) may occur in conse- 
quence. In some instances the drug may accelerate the heart slightly 
through depre^ion of the vagus centers, causing a rise in blood 
pressure. Toxic doses depress the cardiac muscle directly and de- 
press the vasoconstrictor center, causing vessel dilatation; a fall of 
blood pressure results. 

Action on Sespiration. — Excessive doses depress respiration and cause 
increased bronchial secretion, and contraction of tlie bronchi, thus tend- 
ing to promote difficulty in breathing. (Fig. 8.) 

Action on Central Nervous System. — Pilocarpine has little effect on the 
nerve centers of the brain. The mind remains clear even with toxic 
doses. The spinal cord and medulla are depressed by large doses. 

Toxicology. — Poisoning by pilocaipine is usually accidental.'" The 
symptoms of acute poisoning are increased salivation, lacrimation, 
perspiration, and flushing of the skin. Later, thirst, abdominal cramps, 
vomiting, pain in eyeballs, myopia, dimness of vision, giddiness, and 
convulsions may occur, and finally cardiac weakness and cyanosis. 
Death follows respiratory failure. Signs of renal irritation may be 
present. 

The lesions at autopsy are mainly those of asphyxia, cyanosis, and 
edema of the lungs. Death may occur at various lengths of time 
after poisoning. Serious and even fatal results have followed the in- 
jection of 0.02 gram grain). 

Trj^t poisoning by stomach lavage and by the immediate h>T)odermic 
inj^tion of atropine in full doses of 0.0012 to 0.004 gram (%o VJr 
grain), as a physiological antidote. With appearance of symptoms 
of spinal or circulatory depression, stimulants, such as strychnine,'" 
caffeine or hot strong coffee, and ammonia preparations, are indicated, 
together with artificial respiration. 

Pilocarpine and Atropine Antayonism. — The action of pilocarpine 
(also muscarine and physostigmine) on the myoneural junctions is com- 
pletely neutralized by atropine. This antagonism does not extend to 
the brain, which is often the point of danger in poisoning. Conse- 
quently, pilocarpine is not an effective antidote in atropine poisoning. 
Although the peripheral antagonism is not fully understood, a small 
amount of atropine will neutralize the action of pilocarpine; the 
neutralization of the atropine action is more difficult and the action is 
not quantitatively mutual. 

Summary op the Effects op Drugs Upon the Pupil and Ciliary 
Muscle. — Drugs which cause pupillary dilation are called » 

those which cause constriction, miotics . Drugs which paralyze the ciliaiy 
muscles are called ct/clovleaics . 

Mydriasis is caused by drugs which; 

1. Paralyze the peripheral constrictor (parasympathetic) mechanism. 
i.e., atropine, homatropine. Atropine Is also eycloplegic, homatropfne 
mueh Im so. 

2. Btimolate the dilator (sympathetic) meidiaiiism, i.e., epinephrine, 
cocaine. These drugs do not affect acconimodation. 

Miosis is caused by drugs which : 

1. Stimulate the peripheral constrictor nicclianism, I.e., pilocarpine, 
physostigmine, muscarine. These drugs also cause spasm of the ciliary 
muscles. 

2. Diminish the inhibition of the constrictor center, for example 
morphine. 

3. Drugs which stimulate the constrictor center, as plcrotoxin. 
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Increased bladder tonus. No therapeutic use. Repeated micturition. 

Repeated micturition. Tenesmua 

VIII. Sweat Glands. 

Increased action of sweat glands. Diaphoretic. Profuse sweating. 

Weakness. 
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Tlierapeutic Uses. — ^Pilocarpine is seldom prescribed. It is best ad* 
ministered by the physician himself by subcutaneous injection of 
pilocarpine salts. Its preparations, if administered orally, are uncer- 
tain in action and may cause nausea and vomiting. 

Ophthalmic Disorders. — Pilocarpine is used to aid adsoi^tion of 
vitreous opacities. De Schweinitz recommends the hypodermic admin- 
istration of pilocarpine, 0.006 to 0.03 gram (Vio to ^ grain), daily, 
for opacities of the vitreous humor. As a miotic, one or two drops of 
a 0.5 to 2 per cent solution every hour until the pupil is sufficiently 
contracted, is recommended. Pilocarpine hydrochloride, i;200, is 
used in glaucoma to lessen intraocular tension; however, eserine is 
usually preferred. As a tonic to the eyes following excessive 
use, instill in the eye a few drops of pilocarpine solution (0.006 
Gm. pilocarpine, 0.25 Qm. of boric acid, 30 ce. distilled water). 

Diaphoretic. — Pilocarpine (0.006 Gm.) may be administered hypo- 
dermically for its diaphoretic effect, especially in nephritis. About 6 to 
8 grams of nonprotein nitrogen may be eliminated in this manner along 
with several liters of fluid. The side reactions, such as salivation, diar- 
rhea, weakness, etc., have made such therapy very unpopular. 

Pilocarpine nitrate, 0.005 gram (^ grain) hypodermically, may be 
given for excessive dryness of the mouth in such conditions as botulism 
poisoning, etc. However, the sweating and depression resulting from 
its use may outweigh its ^nefit. 

Sespiratory Diseases. — In early acute bronchitis, 2 to 3 mg. to 
^0 grain) of pilocarpine nitrate may be administered orally, three 
times daily to increase bronchial secretions. In chronic bronchitis the 
same treatment may aid elimination of thick and tenacious secretions. 

Skin Disorders. — In doses of just sufficient amounts to produce free 
diaphoresis, it is indicated as an antipruritic in generalized acute eczema, 
urticaria, pruritus, and scleroderma. In alopecia the use of pilocarpine 
locally or hypodermically apparently encourages some temporary growth 
of hair. 

Fvnctiondl Test of Autonomic System. — Pilocarpine may be used to 
test the sweating response of the autonomic nervous system. Sweating, 
which results if the autonomic system is intact, is detected by the red 
color imparted to an alcoholic solution of cobalt blue previously painted 
on the skin. This may be of importance in testing for complete sym- 
pathetic flber denervation, and assist in the diagnosis of such diseases 
as postural hypotension. 

Miscetlaneous Uses. — Pilocarpine may prove efficient in the treat- 
ment of aural vertigo. Cases of M^ni^re^s disease have responded to this 
drug. In deafness and vertigo due to inflammation of the labyrinth 
injection of 0.01 to 0.02 gram to % grain) of pilocarpine may 
prove of value. Pilocarpine is of some value in atropine poisoning 
but is less efficient than atropine for pilocarpine poisoning. 

Pbeparations 

Pilocarpine Nitrate, Tilocarpinae Nitres, U.S.P., B.P. Dosage: 0.005 
Gm. (1^2 6TAin). 

Pilocarpine Hydrochloride, Tilocarpinae Uydrochloridum, N.F, Dosage: 
0.005 Gm. (V42 grain). 


Physostigmine 

Physostigmine (eserine) is the chief alkaloid obtained from 
Cnlnbnr beans or ^'ordeal beans, '' seeds of a West African plant 
called Physostigma venenosum. The name, ordeal bean,’’ comes from 
use of the seed by the tribes of West Africa in their trials by ordeal. 
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If, after eating the beans, the defendant showed signs of poisoning, 
such as salivation, vomiting, giddiness, etc., he was judged guilty. The 
plant contains 0.15 per cent of alkaloids, the most important of which 
include physostigmine, esdridine, eseramine, and calabrine. Physo- 
stigmine is a crystalline alkaloid sparingly soluble in water 

but soluble in alcohol. It is chiefly used as the salicylate. Solutions 
of physostigmine deteriorate in light and at high temperatures, and 
show a reddish coloration. 

Pliarmacological Action. — The miotic and peristaltic actions of 
physostigmine are of great importance in medicine. 

Absorption and Excretion. — Physostigmine is readily absorbed and ex* 
creted, partially by the urine, but most of it is destroyed in the tissues. 
A small amount is excreted in the bile and saliva. 

Mode of Action. — Physostigmine acts by inhibiting the etfteraae 
(choline-esterase) which destroys the acetylcholine normally produced 
at the nerve endings. Its action is sensitization rather than direct 
stimulation of nerve endings, as with pilocarpine. Physostigmine acts 
only if the nerve is intact, but pilocarpine is effective if the nerve is 
either cut or anesthetized. 

The pharmacological action of physostigmine resembles that of pilo- 
carpine in many respects but produces more powerful contractions of 
smooth muscle of the eye and intestine. The glandular stimulation 
is less marked than with pilocarpine. On the central nervous system 
the effects are mainly paralyzing. 

Action on the Eye. — In the eye, physostigmine causes contraction of 
the pupil (miosis) by stimulation of the motor oculi nerves periph- 
erally. It also diminishes intraocular tension. The extreme con- 
traction of the pupil uncovers the spaces of Fontana and permits 
drainage of excess fluid, thus lowering intraocular tension. 

Fig. 9 shows diagrammatically the sites of action of various miotic 
and mydriatic drugs. 

Action on Gut. — Physostigmine increases peristalsis. It acts as a 
powerful stimulant to unstriated muscle of the stomach and bowels, 
and increases their secretions. The action on the peristaltic move- 
ments may be so violent as finally to cause tetanus and contractures. 
This action is not influenced by the higher nerve centers, but is pro- 
duced entirely by peripheral motor excitation. 

For constipation (Tice's Practice of Medicine) : 

Podophyllum 

Physostigmine Extract 

Glycyrrhiza Extract 

M. fac pilulas No. xxx. 

Sig.: One pill twice daily. 

Action on Circulation. — Toxic doses cause a rise in blood pressure, 
due in part to direct stimulation of the cardiac muscle and its ganglia. 
Some of the action, however, may be due to the powerful intestinal 
movements caused by the expelling of blood from the mesenteric 
region, or to the narrowing of the lumens of the arterioles. There is 
also a slowing of the pulse. The action on the vasomotor centers is 
in doubt. 

Action on Central Nervous System. — The main action of the drug 
is to depress the motor centers of the spinal cord. The respiratory 
center of the medulla is depressed, but the cerebral cortex and the een- 
sorv nerves suffer no loss of function, and the motor nerve-trunks are 
little affected by ordinary doses. 


0.30 Gm.(gfr.v) 

0.50 Qm. (gr.viij) 

-q.s. 
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Physostigmine also excites voluntary motor endings^ hence, to some 
degree, is an antidote to magnesium poisoning and alleviates symp- 
toms of myasthenia gravis. 

Toxicology. — Toxic doses of physostigmine produce extreme muscular 
debility, abdominal pain, dyspnea, and giddiness, followed by paralysis 
of voluntary muscles, muscle twitching, and miosis. When taken orally 
physostigmine causes paralysis of the pharyngeal muscles by direct 
muscular action or action on the nerve-endings. Bespiration is depressed 
and usually the blood pressure falls; the action on the blood pressure, 
however, is variable. Death may occur from respiratory failure or 
cardiac damage. 


Morphine stimulation 


/Inferiorbronch 
Nzn/e to inferior oblique 

postganslionic f ibew 
yihott ciliory nerves 


'esenne, 
'otropine, 
etc) 

erws / ^“orpi)piltee 
OliorynK^icfe 



-Sympathetic trunk 


Fig. 9. — Diagrammatic representation of the innervation of the In- 
trinsic muscles of the eye with the sites of action of mydriatic and miotic 
drugs. (From Jackson; Experimental Pharmacology and Materia 
Medico.) 


Treatment. — If the crude drug has been swallowed, lavage of the 
stomach or an emetic is indicated. Large doses of tea or tannin (2 Gm. 
in 120 cc. water) may be given orally after emptying the stomach. As 
a physiological antidote, administer hypodermically 0.1 cc. of a 1 per 
cent solution of atropine as required. Strychnine nitrate, 0.005 gram 
(Ms ^ administer^ hypodermically. Stimulants, such as 

strong coffee or aromatic animouia spirit (2 to 4 cc.), may l)e re- 
quired. 

Tlierapeutic Uses. — The salicylate is chiefly employed hypo- 
dermically by the physician, but is rarely prescribed. 

JSjte Diseases, — ^In the treatment of glaucoma 0.1 to 0.2 per cent solu- 
tions are instilled in the eye two to flve times daily. This treatment 
reduces the intraocular tension and pain. The effects may be temporary 
or prolonged; treatment may bring about cure. Synechia: In cases 
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of attachment of the iris to the lens, physostigmine may be used 
alternately with atropine. The alternate contraction and dilatation are 
effected to break up adhesions; 0.25 to 1.0 per cent solutions are used. 
As miotic: Instillations pt physostigmine salicylate (drop doses of 
0.25 per cent solution hourly for three hours) may be used to overcome 
atropine mydriasis. The drug is irritating and may cause conjunctivitis, 
hence oily solutions of the free alkaloid may be used. The instillation 
may have to be repeated to overcome the persistent effect of atropine. 

Intestinal Diseases , — In the treatment or prevention of postoperative 
intestinal atony physostigmine, hypodermically in doses of from 0.5 
to 1 mg. to grain), is indicated. The dose may be repeated 

after several hours. Intestinal and bladder atony respond well to 
physostigmine administration. In paralytic ileus and other forms of 
intestinal distention, administer orally, 0.001 to 0.002 gram (%o to ^ 
grain). 

liJuumatic •Physostigmine has been recommended (Cohen 

et al., 1946) for the treatment of rheumatoid arthritis. Procedure: 
Give i/ioo grain (0.6 mg.) each of physostigmine salicylate and atropine 
sulfate simultaneously. If no relaxation of muscle is obtained, the 
physostigmine is increased to grain (1.2 mg.), the dose of atropine 
being increased or de<'reas<;d depending on the reaction encountered. 
Reduce physostigmine or iiicrea.sc atropine if patient complains of dizzi- 
ness, .salivation, nausea, or pain in the abdomen. 

In paroxysmal tachycardia, thyrotoxic tachycardia, etc., administer 
orally, 0.001 to 0.002 gram (^^o grain). Caution; Some danger 

of heart block and provocation of asthmatic attacks. 


PKKl*AKATI<).\ 

Physostigmine Salicylate, Physostigminae Salicylas, U.S.P. (Eserine 
Salicylate). Dosage: Internally, 0.002 Gm. (%o grain). Ex 
ternally (should be freshly prepared) from 0.1 to 1 per cent. 

Neostigmine (Prostigmine) - 

Neostigmine (Prostigmine) is a now synthetic compound resembling 
physostigmine, but difTers from this alkaloid, chemically, by its le.ss 
compli<*ated structure ami its greater stability. It is available only in 
the form of its salts, (diief of which are neostigmine bromide and 
neostigmine methyl.sulfate. 
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Neostigmine is a white crystalline substance, soluble In water and 
alcohol. 
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Pliannacologlcal Action. — ^Neostigmine is less active on the eye 
than physostigmine^ producing less miosis andfless spasm of accom- 
modation. It has less vagus-stimulating effect and therefore is less 
depressant to the heart. It is active on the intestine, increasing 
peristalsis and tonus. The action on skeletal muscle is similar to that of 
physostigmine. Its mode of action is apparently the same as for 
pilocarpine. 

Neostigmine is readily absorbed following subcutaneous and intra- 
mnscnlar injection. Larger doses are required for oral administration. 
Whereas from 0.5 to 2 mg. are indicated for parenteral use, 30 mg. may 
be necessary for oral use. Toxic symptoms and treatment are the same 
as for physostigmine. 

Therapeutic Uses. — Intestinal and Bladder Atony. — Neostigmine is 
indicated in intestinal and bladder atony in doses ranging from 0.5 to 1.0 
mg. given hypodermically. The use of neostigmine for the prevention 
and treatment of intestinal and bladder atony is based on its action 
as a vagotonic agent, u" 

Myasthenia Gravis. — Striking results have followed the use of 
neostigmine in cases of myasthenia gravis. The improvement starts 
in ten to thirty minutes and lasts for about six hours. A com- 
pletely helpless patient may be made practically normal by this 
treatment. There may follow a certain degree of depression and 
increa.sed muscular weakness. Its ant imrare like action is the 
basis of application in the treatment of this disease. It is possible 
that some of the action is due to the inhibition of the cholinesterase. 
Dosage: Neostigmine bromide capsules or tablets 15 30 mg. or ^4 to 
% grain, 3 times daily. Neostigmine Mcthylsulfate solution in sterile 
water, 0.05 per cent; 1 cc. containing % mg. or ^^20 grain neostigmine 
methylsulfate subcutaneously or intramuscularly diagnostically in my- 
asthenia gravis and during the acute crises of the disease. 

Postoperative Distention and Ileus. — Harger and Wilkey (19,38;, 
Cook County Hospital, u.sed neostigmine methylsulfate (1:4,000 solu- 
tion) subcutaneously in doses of 1, 2, or 3 cc. every two hours until 
distention was relieved. 

Neostigmine may be used in the treatment of severe periodic head- 
aches by administering desensitizing do.ses. Procedure: 15 mg. tablet 
of neostigmine dissolved in 1 oz. of water and administered as follows: 
On first day, 1, 2, and 3 drops were given morning, noon, and night, re- 
spectively. The increase of 1 drop per dose was maintained until 30 
drops were given each day for 1 week and then 3 times per week, for an 
indefinite period. , 

PoKomyelftis.— Neostigmine Avas found to assist in causing relax- 
ation in spastic muscles (Fox and Spankus, 1945). Neostigmine mcthyl- 
sulfate is used subcutaneously or the bromide salt is given orally. 
Dosage: For adults to grain (1.5 to 2 rug.; of neostigmine 
methylsulfate together with ^00 grain (0.6 mg.) of atropine sulfate. 
For children (12 to 14 years) give grain (.30 mg.) neostigmine 
bromide and grain (0.3 mg.) of atropine sulfate three times a day. 

Bhewnatic Affections. — Neostipnine has been used to relieve painful 
spasms of muscles. Physostigmine may be more effective. (Cohen et 
al., 1946.) 

Sinus Tachycardia. — Neostigmine methylsulfate (1 mg.) by injection 
(vagus stimulation) has been reported useful in aborting attacks of 
sinus tachycardia (Waldman, 1944). Neostigmine bromide tablets 
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(15 mg.) four times daily are reported as effective in preventing recur- 
rences. 

Spider Bite, — The intramuscular injection of 2 cc. of 1:2,000 neostig- 
mine methylsulfate and ^ 5 ($ grain (0.4 mg.) of atropine has been re- 
ported as giving immediate relief. (Bell and Boone, 1945.) 

Diagnostic Purposes, — Neostigmine may be used to differentiate 
myasthenia gravis from other neuromuscular disorders, since in this 
disease a remarkable tolerance to the drug is developed. 

Undesirable parasympathiomimetic effects, such as salivation, per- 
spiration, bradycardia, and gastrointestinal upset are counteract^ by 
the concomitant administration of atropine. 

Recently, neostigmine has been used in the treatment of delayed men- 
struation, Its use is based on the belief that inhibition of the destruc- 
tion of acetylcholine, effected by neostigmine, leads to vasodilation and 
hyperemia of the uterus, which is thought to be one of the determining 
factors in the onset of menstrual bleeding. 


Preparations 

Neostigmine Bromide, Neostigminae Bromidum, U.S.P. Dosage: 15 
“ig- (V^ grain). 

Neostigmine Bromide Tablets, Tahellae Neostigminae Bromidi, U.S.P. 
Dosage: Usual size contains 15 mg. 

Neostigmine Methylsulfate, Neostigminae Methylsulfas, U.S.P. Dosage: 
Subcutaneous, 0.5 mg. (^o grain). 

Neostigmine Methylsulfate Injection, Injectio Neostigminae Methylsul- 
fatis, U.S.P. Dosage: Usual ampul sizes contain 0.25 mg. and 
0.5 mg. in 1 cc. 

Choline and Its Esters 
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Methacholine 


Methacholine is a choline derivative occurring as a white, crystalline 
hygroscopic powder, soluble in water and in alcohol, •insoluble in benzene 
and ether. While it has similar pharmacological effects, there are strik- 
ing differences which enhance its value as a therapeutic agent. 

Pharmacological Action. — This drug stimulates the receptive mech- 
anisms of organs innervated by the parasympathetic nervous S 3 r 8 tem 
and other cholinergic nerves. A marked antagonism exists between 
metacholine and atropine. The drug differs from acetylcholine in 
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being almost free from nicotine-like effect, in being partially active 
orally, and in being more stable and thus producing a longer action 
following administration. The ‘ ^ muscarine ^ ' effect of this drug is 
marked. 

The three main actions of methacholine are: (1) its powerful 
stimulation of the parasympathetic system, i.e., an inhibition of the 
heart with slowing; (2) its dilating action on arterioles (since arterioles 
have no parasympathetic innervation, the explanation is that certain 
sympathetic fibers to the blood vessels are ^ ^ cholinergic ^ ' and cause 
vasodilatation when stimulated); (3) its stimulating action upon 
smooth muscle of the bronchi, stomach, intestine, bladder, and uterus. 

Toxicology. — Since the range of dosage is very wide, toxic man- 
ifestations should be watched for, the most serious of which is 
cardiac arrest. Starr (1936) reports a systole lasting for seventy 
seconds. In normal persons, 10 to 20 mg. subcutaneously cause an 
immediate flushing of the face and neck, sweating, salivation, 
lacrimation, and a slight fall of blood pressure. There may be a 
transient increase in pulse rate. The symptoms pass off in ten to 
fifteen minutes. Oral do.ses may cause gastric irritation but rarely 
other symptoms, such as flushing, sweating, etc. I.ess toxic reactions 
such as precipitation of asthmatic attacks in asthma patients, dyspnea, 
epigastric discomfort, vomiting, and disturbances in accommodation are 
cemmon. These symptoms may be relieved by injection of atropine. 

Idiosyncrasy to methacholine may result in ditticiilty in breathing. 
If this is observed, stop drug, place patient in sitting position, and ad 
minister graiii of atropine sulfate subcutam‘ously. 

Therapeutic XJses . — Paroxysmal Auricular Tachycardia, — Methacho- 
line is injected subcutaneously in dosc.s of 2(1 to 40 mg. or to % grain 
dissolved in sterile water. The ’ patient is put to bed. If tlie ar- 
rhythmia persists, massage the site of injection and exert alter- 
nate pressure over the carotid sinuse.s. A second injection may be in- 
dicated after thirty minutes. This drug, which is effective in over 80 per 
cent of the cases, acts by vagal stimulation, hence larger doses (50 to 80 
mg.) are indicated for elderly patients whose vagal tone is very low. 
In asthmatic patients it should not be employed under any circum- 
stance. Atropine, if,o grain hypodermically, is the antidote. 

Peripheral Vascular Disease . — The beneficial action of methacholine 
upon peripheral vascular diseases is dependent upon their ability to relax 
vascular spasm, to produce a regional diaphoresis, and to relieve 
anoxemia, thus increasing the local circulation and consequently pro- 
moting the removal of waste products. It is the drug of choice in 
peripheral vascular dLsease.s. 

In overcoming vascular spasm due to moderate exposure to cold 
oral doses of from 0.05 to 0.1 Gm. (% to IVj grains) of methacholine 
are effective. In Paynaud^s Disease, scleroderma, and ulcers the 
effective oral dose may be somewhat higher. In general the therapeu- 
tic effective oral dose for methacholine ranges from 0.2 to 0.5 Gm. 
(3 to 7^4 grains) two or three times daily. Administer by dissolving 
in a little water and then adding to milk to disguise the taste. The 
subcutaneous dose for Raynaud’s disease, scleroderma, and ulcers should 
be limited to 0.01 dhi. (^ grain) for initial injection; if well tolerated 
the dose may be increas^ to 0.025 Gm. (% grain). 

Chronic Bheumatoid Arthritis . — ^For application of methacholine 
by iontophoresis it is customary to use a 1:500 to 1:200 solution 
of the drug in distilled water. The solution is applied by moistening 
the positive electrode fabric which is placed over or near the part to 
be treated. The strength and duration of the current regulate the 



DRUGS ACTING ON PERIPHERAL NERVOUS SYSTEM 


433 


dosage and should be applied gradually and within the tolerance of 
the patient. The initial treatment should not exceed 5 to 10 milli- 
amperes in thirty minutes. Subsequent treatments usually require from 
25 to 30 milliamperes for 'twenty to thirty minutes. Three or four 
days are allowed between treatments. In chronic rheumatoid arthritis 
the treatments may be reduced to intervals of a week after the first 
four to six treatments. 

The iontophoresis method using methacholine may also be ap- 
plied to the treatment of ulcers, Raynaud's disease, and scleroderma. 
Ten or more treatments may be necessary to secure improvement in 
Raynaud ^s disease and scleroderma. In varicose, indolent and gan- 
grenous ulcers, treatment may be given daily at the start to promote 
granulation of the tissue and then reduced after the first few treatments 
to two or three times a week. Treatment by ion transfer (ion- 
tophoresis) should be carried out by one who has had special training. 
During these treatments the patient should be covered and protected 
from drafts and should remain quiet and warm for thirty minutes 
after each treatment. 

Precautions : (1) The drug should never be administered intra- 

venously for fear of cardiac arrest; (2) bronchial asthma, hyper- 
thyroidism, coronarj^ occlusion, and other severe illness are contra- 
indications; (3) recumbence is advised during injection; (4) admin- 
istration by iontophoresis requires special skill; (5) therapy should 
be stopped on appearance of grave side-reactions. 

PllEl'AKATIOXS 

Methaclioline (.■hloride, Mt fhachoUnar Chloridum, U.S.P. (Acetyl-^- 
mcthylclioline clilori<le). (\H,sC102N. Dosage: Oral, 0.2 Gm. 
(3 grains) ; parenteral, 10 mg. (Yq grain) (U.S.P.). Ry ion 
transfer, a 0.2 to 0.3 per eent solution of the drug in distilled 
water, 

Methacholine Chloride Capsules, Capsulae MethachoUnae Chloridi, U.8.P. 
Dosage: 0.2 Gni. of methacholine chloride, usually available in 
capsules containing that amount. 

Methacholine (3doride Injection, Injcctio Methncholiuae Chloridi, U.S.P. 
Dosage: Parenteral, 10 mg. methacholine chloride, usually avail- 
able in ampuls containing 10 mg. in 1 cc. The drug should 
never be administered intravenously. 

Carbachol (Carbamylcholine Chloride) 

(’arbacliol was intro«luced into threapeutics as a substitute for acetyl- 
choline. The drug is available for clinical u.se in the form of its 
chloride salt. 

(•arbachol is a powerful parasympathomimetic agent more stable than 
methacholine chloride, V)ut possessing nicotinic actions not shared by the 
latter. It exerts a more predominant action on the gastrointestinal 
tract. It has been used mainly in the control of peripheral vascular 
disease and postoperative urinary retention. In postoperative distention 
beneficial <^fTects are due to stimulation of peristalsis by increasing in- 
testinal tone. In urinary retention the drug increases bladder contrac- 
tion and relaxation of the trigone and sphinc.tei. It gives effective re- 
lief in the pain of peripheral vascular disease, and by subcutaneous in- 
jection its effects outlast those of methacholine. 

Sinus Tachyeardi-a. — C^arbnchol is useful in the treatment of this con- 
dition. Stimulation of vagus by parasympathomimetic drugs frequently 
brings about the arrest of attacks when carotid pressure is ineffective. 



4U MATERIA MEDICA, TOXICOI-OGY. AND PHARMACOLOGY 


It does not, however, affect the heart rate of the tachycardia if due to 
organic disease. 

Eye Diseases, — Locaily in the eye, carbachol is a powerful miotic, 
causing marked contraction of the pupil, loss of accommodation through 
spasm of the ciliary muscle, and reduction of intraocular tension. Be- 
cause of its toxicity it is seldom used in the treatment of glaucoma ex- 
cept when the eye does not respond to other miotic drugs. In glaucoma 
a 1.5 per cent solution is employed. Zephiran, 0.03 per cent, is added 
to the aqueous solution to promote penetration of the cornea. 

The oral use of carbachol gives less dependable action, hence admin- 
istration by injection is indicated. 

Preparations 

Carbachol, Carhacholum, U.S.P. (Carbamylcholine Chloride). NH,- 
CO.O.Cn*CH,.N(CH,) 3 ,Cl. Dosage: Oral, 2 mg. (i^o grain). 
Subcutaneous, 0.25 mg. ( 1,^40 grain). 

Carbachol Injection, Injectio Carhacholi, U.8.P. Caution: This 
preparation should not he injected intravenously. Dosage: Sub- 
cutaneous, 0.25 mg. of carbachol ( U.S.P. ), usually available in 
ampuls each containing 0.25 mg. in 1 cc. 

Carbachol Tablets, Tahellae CarhachoU, U.S.P. Dosage: 2 mg. of 
carbachol (U.S.P.) usually available in tablets which contain 
that amount of the drug. 

Di-isopropyl Fluorophosphate (“DFP”) 

A new series of parnsj^Tupathomimetic drugs, the fluorophosphates 
w*ere developed in the course of studies on toxic substances in warfare. 
*^DFP*' destroys cholinesterase irrcver.sibly, in contrast to the reversible 
inhibition of physostigmine and neostigmine. The effects last until 
cholinesterase is again built up in sufficient quantity. 

This drug relieves muscle weakness of myasthenia gravis less com- 
pletely but more persistently than neostigmine (Comroe, Todd, et al., 
1946). It is too toxic, however, to be of much value in this condition. 
It relieves glaucoma, and is often more effective than physostigmine. 
Undesirable effects are visual blurring, eyeache, spasm of accommoda- 
tion, and pericorneal congestion. 


Cholixie 

Choline (trimethyl-oxyethyl-ammonium hydroxide) occurs as a con- 
stituent of lecithin which is found in animal and vegetable tissues. 
It no doubt exists in combination, but is freed by putrefaction. It is 
not liberated by the action of pepsin and trypsin. 

Like pilocarpine and muscarine, choline stimulates the peripheral 
ends of the autonomic nerves. Due to this action it causes an increase 
in various secretions, especially those of the salivary glands. It also 
causes a slowing of the pulse, miosis, and increased peristalsis. It 
depresses the respiratory center and lowers the blood pressure by 
causing vascular dilatation. Choline causes a tissue destruction some- 
what similar to that caused by x-ray treatment. The chloride has been 
used with some success in ileus. Choline borate and choline chloride 
are on the market for intravenous use. 

Arecoline 

Arecoline (C,H,^0,), one of the alkaloids contained in betel nut 
(Areea catechu), resembles pilocarpine in its action, but is more power- 
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ful, exerting a greater action on the central nerrous system. It produces 
marked bronchial constriction by peripheral action, which is overcome 
by atropine and adrenalin. Arecoline has been suggested in the treat- 
ment of tapeworm infectioifs. Arecoline, which causes stimulation of 
peristalsis, may be used as an antidote for mushroom poisoning of the 
muscarine type. It is used in veterinary medicine in the treatment of 
gastrointestinal disturbances. 


Muscarine 

Muscarine is chemically related to choline and may be produced arti- 
ficially by gently heating choline platino-chloride with strong nitric 
acid. Muscarine resembles pilocarpine in its physiological action, 
and is antagonistic to atropine.'- It increases the secretions (sweat, 
salivary, and lacrimal), contracts the pupil, slows the pulse, and causes 
motor weakness. Small doses cause a reduction in the pulse rate by 
stimulation of the vagus nerve, while large doses may cause diastolic 
arrest of the heart. There is a stimulation of the muscles of the 
bladder, intestines, and spleen. 

Muscarine is an alkaloid contained in the mushroom, Amanita 
muscaria, and to a less extent in some of the other species. The symp- 
toms of muscarine poisoning, which are similar to those of pilocarpine 
poisoning, are first abdominal pain, vomiting, and diarrhea. Later sup- 
pression of urine, due to nephritis, and jaundice occur. Other symptoms 
include mental confusion, dizziness, sweating, slow pulse, and convulsions. 
Treatment: Remove poison by gastric and colonic lavage, sweating, and 
by intravenous injection of saline solutions. Atropine (1 mg.) sub- 
cutaneously is the physiologic antidote. Supportive measures with 
caffeine, camphor, etc., may be indicated. 


PARASYMPATHOLYTIC DRUGS 
(INHIBITORY) 


Atropine and Belladonna Group 


Alkaloids 

Atropine 

Scopolamine (Hyoscine) 
Ilyoscyamine 
Stramonium alkaloids 
Homatropine 
Eucatropine 

Homatropine methylbromide 
Euraydrinc 


Crude Drug 
Atropa helladovna 
Scopolia ntropoides 
Eyoscyamus nxger 
Synthetic 
Synthetic 
Synthetic 
Synthetic 
Synthetic 


The belladonna drugs are widely distributed in nature, especially in 
the Solanaccae plants. The synthetic derivatives are the result of at- 
tempts to secure atropine-like drugs which have more specific actions. 


Atropine 

Atropine, which is the chief alkaloid of Atropa belladonna^ occurs in 
the form of white, amorphous crystals or powder and has a bitter taste. 
It is fairly insoluble in water (1:455) but soluble in alcohol (1:2). 
The leaves assay about 0.3 per cent of atropine ; the roots, 0.45 per cent. 
Atropine is the tropeic ester of tropine, a pyridine compound; that 
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is, it consists of o<|uial parts of lovo^hyoscyamino and doxtro'hyoscyaxnins. 
Atropine has the following structural formula: 

Atropine 

/• " " ' ■ ^ — — — 

Tropine Tropic ucid 

radicle radicle 

CH, — CH CH, 

I l!r (CH.) C’HO — CO — CH — C,H. 

— in — in, oh.oh 

Tropine is a pyridine compound closely rels.ted to ecgonine, a constitu- 
ent of cocaine, tiince the dextroform is practically inactive in the 
body, the action of atropine is due to the levo-hyoscyamine half. 

Phannacologlcal Action. — Atropine and its related alkaloids depress 
the receptive substance of structures innervated by the parasym- 
pathetic nervous system. In larger doses they also have a depressant 
action on autonomic ganglia. The parasympathetic effect is not due 
to suppression of acetylcholine, but to failure of liberated acetyl- 
choline to stimulate the atroplnized cell. The atropine alkaloids possess 
stimulant, narcotic, anodyne, anti.spasmodic, mydriatic, rubefacient, an- 
hydrotic, and antigalactagogie action. 

Absorption and Excretion^ — Atropine is rapidly absorbed from mucous 
membranes. Ointments and belladonna plasters are slowly absorbed 
by the intact skin. Elimination is rapid; a dose usually is completely 
excreted largely in the urine in thirty-six hours. A certain tolerance may 
be established toward atropine, and cumulative symptoms arc said to 
occur. 

Local Action: Action on the Skin. — Atropine is practically non- 
irritating; however, when applied locally in sufficient concentration, it 
depresses sensory and motor nerve endings, involuntary muscle tissue 
and also glandular tissue. It acts as an anodyne when applied to the 
skin as a belladonna plaster or as the liniment. It has similar action 
when a|)plied to mucous membranes in the form of belladonna oint- 
ments and suppositories. 

Action on the Eye: Mydriasis. — Atropine causes paralysis of the 
sphmeter muscle of the iris and c Uiary muscle of the lens; thus dilatation 
of the pupil (mydriasis) and paralysis of accommodation (cycloplegia) 
occur. The intraocular pressure tends to rise, possibly by pressing the 
ms into the crucial angle of the eye, resulting in hindering lymphatic 
drainage. This is true of most mydriatics (except cocaine) but espe- 
cially so with atropine, due to its long action. None of these effects is 
seen in the bird’s eyes, because their irides are made of striated 
muscle. Atropine acts on the eye following both systemic and local 
administration, but local administration is preferred. 

The following table shows the strength usually employed for ophthal- 
mos^pic examination and the ordinary duration of their actions 
(Sollmaim, 1948). 

Actum on Secretions.— Atropine and related alkaloids arrest all secre- 
tions that depend on central innervation, such as sweat, saliva, tears 
muejw, gastric juice, and ordinary pancreatic secretions. The secretion 
of hydrochloric acid is more affected than the secretion of pepsin 
(Eiegel). This action is due to a paralysis of the secretory fibers 
in the vagus. The action of the drug prevents sweating whether it has 
been produced by pilocarpine, heat, tuberculosis, or aspirin. This 
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KiK. 11. — DiaBraniniatir cross section of the intestine (small) to show the man- 
ner of its innervation. (From Jaek.son: Ka'iscrimnital Pharmaroloiiy and Materia 
Medica.) 
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Table XV 


DRUG 

PER- 

CENTAGE 

USED 

MYDRIASIS 1 

1 CYCLOPLEGIA 

ACTION 

COMPLETE 

(HOURS) 

RECOVERY 

COMPLETE 

(DAYS) 

PARALYSIS 

COMPLETE 

(HOURS) 

RECOVERY 

COMPLETE 

(DAYS) 

Atropine 

1 


5 to 7 

2 

3 to 4 

Scopolamine 

% 

Vj 

5 

1 

3 

Eumydrine 

1 to 5 


2 

1 

2 

Ilomatropine 

2 

Mi 

1 to V, 

1 

1 

Eucatropine 

f) to 10 

1 

1 




action also seems to be on the nerve endings. Since the sweat glands 
are innervated by the sympathetic system, and the action of atropine 
is usually on the parasympathetic system, this action on the nerves of 
the sweat glands is a notable exception to the rule. 

The amount of secretion of the mammary gland is not materially 
lessened by atropine, presumably because of the absence of secretory 
nerves. Urinary secretion is little influenced by atropine, as the kid- 
neys are not controlled by secretory nerves. Lymph secretion also is 
not influenced by atropine. Secretin, the specific hormone of the pan- 
creas (originating from the mucosa of the duodenum and jejunum), 
still causes a secretion after atropine, showing that the gland cells are 
still capable of functioning. The rate of change of glycogen into 
sugar is not influenced by atropine. 

Tliere is apparently little action on bile secretion. On this state- 
ment there is some difference of opinion. (Pig. 10.) The action is 
localized in the myoneural junction and is antagonistic to pilocarpine 
action. 

Action on Involuntary Muscles , — Small doses of atropine increase in- 
testinal peristalsis slightly, probably by depressing the inhibitory 
(splanchnic) nerve endings in the intestinal wall. Full therapeutic doses 
depress involuntary muscle directly. 

Action on Stomach and Intestine , — Atropine in large doses depresses 
the parasympathetic nerves to the bowel (vagi and pelvic nerves), thus 
decreasing tlie tone and motility. Therapeutic doses, however, check 
excessive peristalsis caused by drugs (pilocarpine, etc.) or irritant 
cathartics. Therapeutic doses are effective in depressing spasm but have 
little effect on the normal gut. For a diagrammatic cross section of the 
intestine see Fig. 11. 

It must he remembered that there is not a delicate balance between 
the vagi and splanchnics, and a depression of one does not necessarily 
result in the dominance of the other. For example, stimulation of either 
system may result in hypertonicity, depending on existing tonicity of 
the stomach. 

Action on Spleen, Uterus, and Bladder , — The movements of these 
organs are lessened by atropine; however, very small doses may have a 
slight tendency to stimulate this activity. 

Action on Nervous System , — Atropine in therapeutic doses has 
little effect on the brain and spinal cord; it does depress certain 
nerve-endings, especially those of the heart and secretory organs and 
certain involuntary muscles, with definite effects. Toxic doses stimu- 
late the cerebrum, producing incoherent speech, laughter, and nervous- 
ness. This condition may be followed by a type of delirium known 
as the '^belladonna jag,'' which may pass into maniacal excitement 
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before passing over to cerebral depression, characterized by drowsi- 
ness, stupor, and coma. 

Action on Temperature , — Atropine causes a rise in temperature by ar- 
resting the action of the sweat glands and by stimulation of the 
heat regulatory center. Increased metabolism, however, is not a 
cause of the rise in temperature. 

Action on Circulation , — Therapeutic doses of atropine depress the 
vagus and stimulate the vasomotor center and to a slight degree the 
cardiac muscle. This results in an increase of pulse rate and a rise 
in blood pressure. (Fig. 12.) In man, 1 mg. of atropine hypo- 
dermically may double the pulse race in about twenty minutes. This 
effect usually lasts less than an hour. Toxic doses depress the circula- 
tion and cause a scarlet flushing of the skin affecting first the face 
and neck and then the chest. This phenomenon may occur even with 
therapeutic doses; it is due to dilatation of the cutaneous vessels. The 
action is believed to be central, since cutting of the sympathetic pre- 
vents it. 
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Fig. 12. — Blood pressure tracing from a dog showing the fall caused 
by nitroglycerin, the marked (vagus ending) slowing caused by eserine, 
and the following rise in pressure and acceleration of the heartbeat caused 
by atropine. (From Jackson: Experimental Pharmacology and Materia 
Medica , ) 

Eeepiration , — Therapeutic doses of atropine stimulate the respiratory 
center, causing rapid and deep breathing. Toxic doses depress the center, 
causing asphyxia. This stimulation of respiration may be due to 
bronchial dilatation and also to increase of metabolism. 

Action on Bronchial Muscles , — The bronchioles are innervated by the 
vagi which carry mainly constrictor fibers and a few dilator fibers. 
Atropine dilates the bronchioles; this effect is due to paralysis of the 
terminals of the motor nerves distributed to these muscles/ 

Toxicology. — ^Atropine poisoning may occur from overdosage by 
ophthalmologists, from ointments, or from ingesting the alkaloid or 
any of the crude drugs containing it. The liability to poisoning is 
greatest when the drug is administered hypodermically. The early 
symptoms of poisoning are dryness of the mouth and throat, thirst, 
dizziness, and dilated pupils. The stimulation stage is characterized 
by great thirst, burning of the throat, dysphagia, and flushed skin. 
The temperature and blood pressure rise. Delirium may occur, gen- 
erally with noisy, diseonneeted talk and hallucinations, occasionally 



DRUGS ACTING ON PERIPHERAL NERVOUS SYSTEM 4S0 


with violent motor excitement and even convulsions. Collapse may 
follow the period of stimulation, which is characterized by low blood 
pressure, shallow respiration, and coldness of extremities; death 
usually results from respiratory failure. The symptoms are very 
violent but the prognosis is good, because the drug is rapidly 
excreted. 

Table XVI 

Summary op Atropine Action 


(T3rpical Parasympathetic Depressant) 


EPPECTS 

USES 

TOXIC SYMPTOMS 

Dilates pupils, para- 
lyzes accommodation. 

Mydriatic, cycloplegic, 
anodyne. 

Dilated pupils, 
dimness of 
vision. 

Suppresses secretions of 
nose, mouth, and 
throat. 

To treat coryza, rhini- 
tis, salivation. 

Dry mouth, diffi- 
cult swallowing, 
hoarseness. 

Dilates blood vessels of 
face and neck. 


Flushed face and 
neck. 

Dilates bronchi and 
suppresses secretions. 

Treat bronchial asthma, 
spasms, pneumonia, 
hiccup, and per- 
tussis. 

Rapid, deep respi- 
ration, slow 
shallow breath- 
ing. 

Accelerates heart. 

Cardiac stimulant. 
Vagus bradycardia. 
Partial heart block 
from digitalis. 

Tachycardia. High 
blood pressure. 

Suppresses peristalsis 
and secretions of the 
stomach. 

To treat gastric ulcers, 
gastrotetany, pyloric 
spasm, etc. 


Suppresses peristalsis 
and secretions of 
large and small in- 
testine. 

To treat spastic con- 
stipation. Antidote 
for pilocarpine in 
gut. 


Relaxes ducts and 
tubes. 

Anodyne in renal and 
gallstone colic. 


Checks pancreatic and 
bile secretion. In- 

hibits tone of smooth 
muscles and the 

secretion of bladder, 
rectum, etc. 

To counteract irritable 
bladder and urethra, 
as an anaphrodisiao. 


Suppresses sweating. 

Suppresses sweating, 

e.g., tuberculosis. 

Elevated tempera- 
ture. 


The fatal dose varies from 0.01 to 0.1 gram, death occurring usually 
within twenty-four hours. Robert states that 88.4 per cent of all pa- 
tients with atropine poisoning recover. Peterson, Haines, and Webster 
report 973 cases of atropine poisoning with 92 fatalities. Autopsy 
findings resemble those of asphyxia. 

Treatment. — First empty the stomach with stomach tube, or by an 
emetic, such as apomorphine, 0.006 gram (Vio hypodermically. 
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If the ease is not in an early stage it may be well to administer zinc 
sulfate^ 2 grams (% drachm) orally, or mustard, 8 grams (2 drachms) in 
warm water. Pilocarpine or physostigmine may be administered in the 
early stages; however, since the danger of atropine lies in its central 
action, the use of pilocarpine, etc., is of little value, as it acts periph- 
erally. Delirium may be quieted by an ice bag over the head ; morphine, 
O.Old gram (% grain), is recommended. During the stage of depression 
stimulants, such as caffeine with sodium benzoate, strychnine, di^talin, 
etc., are indicated. Artificial respiration and intravenous infusion of 
saline may be of great assistance. 

Therapeutic Uses. — ^Atropine and the related alkaloids are used 
especially as mydriatics and cycloplegies, to suppress secretions as 
in gastric hyperacidity, and to quicken the heart, regulate peristalsis, 
and lessen bronchial spasm. The tincture and the extract of belladonna 
and atropine sulfate are commonly taken internally, the tincture being 
used for solutions, and the extract or atropine sulfate is usually admin- 
istered as pills or capsules. 

Treatment of Eye Conditions. — In ophthalmology atropine is em- 
ployed locally as a therapeutic agent, and also as an aid in diagnosis. It 
is used as follows: (1) to dilate the pupil in order to facilitate examina- 
tion; (2) to paralyze accommodation, so that the refractive condition 
of the eye can be ascertained; (3) to rest the eye in inflammatory 
conditions by paralyzing its muscles, and (4) to aid in preventing and 
breaking up adhesions. 

Mydriasis may be produced by instilling in the eye a couple of drops 
of 1 per cent atropine sulfate, which causes complete dilatation in about 
twenty minutes and complete loss of accommodation in one and one-half 
hours. The effects of the dilatation of the pupil may extend over several 
days, while the loss of accommodation may last one or two weeks. A 
weaker solution may be used to cause dilatation, without paralysis of ac- 
commodation. 

Superficial Infiammation of the Eye , — Dilute solutions of atropine 
(0.1 to 0.4 per cent) instilled in the eyelids relieve pain, tenderness, and 
photophobia. A 0.1 per cent solution two to three times daily will relieve 
the pain and photophobia of corneal ulcers and phlyctenular keratitis. 
Atropine (0.5 to 1.0 per cent solutions) may be employed to produce con- 
stant dilatation of the pupil and thus prevent the formation of synechiae, 
a condition often associated with syphilitic iritis. Atropine will relieve 
the photophobia of conjunctivitis, 

Bepeated use of atropine may cause systemic poisoning. Infants may 
develop a fever from its administration. Toxic symptoms may bo pre- 
vented by compression of the inner canthus of the eye. The intraocular 
pressure should be tested before the use of atropine. Atropine mydriasis 
may be overcome by physostigmine (1 minim of 0.2 per cent solution) 
several times daily. 

Spasmodic Conditions, — Pertussis . — Atropine is effective in the spas- 
modic stage and in those cases characterized by profuse bronchial secre- 

For pertussis: 

9 

Belladonna Tincture 4.00 cc. (f3j) 

Alum 4.00 Gm. (3j) 

Tolu Balsam Tincture 30.00 cc. (fjj) 

Distilled Water q.s. ad 90.00 cc. (fjiij) 

M. Sig.: Give teaspoonful every three hours while awake (tor 
cnUd). 
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tion. Administer the tincture of belladonna in dosos of 0.2 to 0.3 cc. 
(3 to 5 minims) every three to four hours, stopping with the first sign 
of dilatation of pupils or excQssive dryness of the throat. 

Bronchial Asthma, — Duke states: ‘‘Drugs of the atropine series are 
time-honored remedies in the treatment of asthma." Daring attacks 
of asthma, due largely to reflex spasm and narrowing of the bronchioles, 
atropine gives relief by paralyzing the motor endings of the vagus, thus 
relaxing the spasm. Atropine may be injected hypodermically in doses 
of 0.0005 to 0.00065 gram (i^o Vm grain). Clinically it cannot be 
relied upon in severe attacks. 

The burning of stramonium leaves (stramonium leaves two parts, 
potassium nitrate one part, powdered anise one part) is an old remedy 
for mild attacks of asthma. The alkaloid and the nitrite formed from 
the nitrate relieve smooth muscle epasm. Atropine is of no value in 
cardiac asthma, as the moisture involved is not of secretory origin. 

Enuresis, — Belladonna gives relief in cases caused by a relaxed 
condition of the vesical mucous membrane and by irritated conditions 
of the vesical mucous membrane. Treatment consists in beginning 
with a therapeutic dose on retiring and continuing use of the drug for 
several weeks, with diminishing doses and an occasional rest of one 
to three days during which no drug is given. 

Hepatic, Intestinal, Uterine, and Benal Colic, — These conditions may 
bo aided by atropine. The drug paralyzes the innervation of smooth 
muscle, and relaxes the obstructive spasm which prevents calculi or 
urine from free passage. Atropine, 1 mg. (%o grain), is indicated 
hypodermically. The drug may be combined with morphine, 15 mg. 
(M grain). Atropine prevents the morphine-induced muscle spasm. 

For dysuria in treatment of cystitis: 

Sodium Citrate 24.00 Gm. (ovj) 

Sodium Bromide 15.00 Gm. (Sss) 

Belladonna Tincture 8.00 Gm. (f3ij) 

Peppermint Water •ps. ad PO.OO cc. (fSiij) 

M. Sig. : Teaspoonful in water every three hours as required. 

In pylorospasm, atropine, 0,0005 gram {^20 grain), often gives com- 
plete relief; however, the drug may fail to give relief. Infants are rela- 
tively insensitive to it; doses of 0.8 to 2.4 mg. ( 1^^5 to ^5 grain) may 
be administered with no side reactions. 

Neuralgia, — Trigeminal neuralgia and sciatica often respond to 
atropine. For sciatic neuralgia, 0.00065 to 0.0011 gram (Hoo ^ 
grain^ of atropine may be injected intramuscularly near the nerve. 
In trigeminal neuralgia a solution of the drug may be administered ex- 
ternally. 

Dysmenorrhea. — Many physicians use atropine with striking results 
in the treatment of this condition. Administer 0.0006 gram (^00 gw^*i) 
three times daily, beginning two days before menstruation and continue 
for two days after the onset. 

In myasthenia gravis the usual method of treatment has been to give 
from 3 ti' 5 cc. of a 1:2,000 solution of neostigmine, combined wdth 
0.0006 gram grain) of atropine sulfate, intramuscularly once 

daily. 

Skin Diseases, — Prurigo, herpes zoster, erythema, eczema, dermatitis 
and many other skin conditions respond to atropine. In chronic urticaria 
administer 0.01 to 0.02 gram to grain) of extract of belladonna. 
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For most painful and congested conditions apply atropine, a 1 per 
cent solution of the sulfate, externally. 

Diseases of the Alimentary Tract, — Habitual constipation may be 
relieved by 0.01 to 0.03 gram to % grain) of the extract in a 
pill, administered on retiring. 

For chronic constipation: 

B 

Belladonna Extract 

Nux Vomica Extract 

Aloin 

Cascara Sagrada Extract 
M. ft. pil. No. xxiv. 

Sig. : One at bedtime. 

Gastric hyperacidity, when unrelieved by other means, may respond to 
atropine (0.0005 Gm.) when it is added to the antacid employed. The 
pain of gastric ulcer may be relieved by the administration of atropine. 

For pain of gastric ulcer: 

B 

Atropine Sulfate 0.013 Gm. (gr.^^) 

Zinc Sulfate 2.00 Gm. (gr.xxx) 

Distilled Water 30.00 cc. (fSj) 

M. Sig.: Three drops three times daily. 

In hemorrhage from peptic ulcer Bolton (1936) advises the use of 
atropine sulfate 0.0006 to 0.0012 gram (Vioo to ^ grain) hypodermically 
to dilate the pylorus. 

Premedication. — Atropine, 0.00085 to 0.00065 gram (^5 to %oo 
grain), may be given intramuscularly, subcutaneously, or intravenously 
before the anesthetic. The drug aids in diminishing secretions and 
by abolishing cardiac inhibition by anesthetic agents. 

To Suppress Secretions. — Atropine is rarely used in therapeutics to 
suppress sweating and salivation; however, the night sweats of 
phthisis may be checked by subcutaneous injections of atropine, 0.0011 
gram (%o grain). The copious sweating induced by pilocarpine, 
alcohol, etc., may be suppressed by atropine. 

As Antidote. — Atropine, in doses of 0.0016 gram (^0 S^tiin), is 
recommended for opium poisoning. It is also eflective in pilocarpine 
or physostigmine poisoning. In lead poisoning it may be employed in 
a dose of 0.0006 gram (Vioo grain). The colicky pains of food 
poisoning may be controlled by the administration, hypodermically, 
of dilaudid combined with atropine sulfate 0.0005 gram (^^20 g>^<tin). 
Atropine sulfate, 0.0012 gram grain) hypodermically, is indi- 
cated to control toxic action of mecholin. 

Cardiac Disorders. — ^Atropine has few valid uses in heart disorders. 
Partial Heart Block: Atropine may be used in partial heart block, 
presumably by its inhibitory action on the vagus. The dose ranges 
from 0.5 to 1 mg. In complete heart block large doses (3 to 
5 mg.) may be given, but success is rare. Vagus Bradycardia: At- 
ropine (0.5 to 1 mg.) is effective in treating such conditions caused 
by disease, or from overdoses of digitalis, pilocarpine, physostigmine, 
acetylcholine, etc. Cardiac Irregularities: Heart irregularities may Imi 
abolished by small doses of atropine. Diagnostic Use: Atropine is used 
to diagnose whether or not cardiac slowing is due to vagus stimulation. 
Administer 0.5 to X mg. 


24.00 Gm. (3vj) 
0.26 Gm. (gr.iv) 
0.26 Gm. (gr.iv) 
4.00 Gm. (3j) 
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Preparations 

Atropino; Atropina, U.S.P., B.P. Dosage: 0.4 mg. (^50 grain). 
Atropine Sulfate, Atropinae Sulfas, U.S.P., B.P. Dosage: 0.5 mg. 
(H20 grain). 

Atropine Sulfate Tablets, Tahellae Atropinae Sulfatis, U.S.P. The 
usual sizes contain 0.12 mg., 0.3 mg., 0.4 mg., 0.5 mg., 0.6 mg., 
and 1.2 mg. 

Belladonna Leaf, Belladonnae Folium, U.S.P., B.P., yields about 0.3 per 
cent of alkaloids. Dosage: 0.06 Gm. (1 grain). 

Belladonna Root, Belladonnae Badix, N.F., B.P., yields about 0.45 per 
cent of alkaloids. Dosage: 45 mg. (•% grain). 

Belladonna Extract, Extractum Belladonnae, U.S.P., Belladonna ex- 
tract yields about 1.25 per cent of alkaloids. Dosage: 0.015 Gm. 
(Vl grain). Extractum Belladonnae Sicum, B.P. Dosage: 
0.015-0.06 Gm. (^4 to 1 grain). 

Belladonna Tincture, Tinctura Belladonnae, U.S.P., B.P. Belladonna 
leaf (10%) yields about 0.03 per cent of alkaloids in alcohol. 
Dosage: 0.6 cc. (10 minims). 

Belladonna Plaster, Emplastrum Belladonnae, N.F., B.P. It contains 
extract of belladonna and yields about 0.27 per cent of alkaloids. 
Belladonna Root Fluidextract, Fluidextractum Belladonnae Badicis, 
N.F. Belladonna root (100%) ;^elds about 0.45 per cent of 
alkaloid.^. Dosage: 0.05 cc. {% minim). 

Belladonna Ointment, Unguentum Belladonnae, U.S.P. Pilular extract 
of belladonna (10%) in diluted alcohol, and yellow ointment. 

. Scopolamine (Hyoscine) 

Scopolamine, or hyoscine (C„H„NO^), is an alkaloid obtained from 
various plants of the Solanaceae family, including Atropa belladonna, 
Datura stramonium, Eyoscyamus niger, and Scopolia atropoides. 
Officially, that is from the standpoint of the U.S.P., scopolamine and 
hyoscine are identical; however, scopolamine is levo-rotatory and 
hyoscine may be levo-rotatory to inactive (equal amounts of dextro- 
and levo-) molecules. Scopolamine, being levo-rotatory, is thus more 
unstable than atropine. Its purest samples exhibit a great variation 
in action and toxicity. 

Pliarmacological Action. — Scopolamine possesses sedative, anti- 
spasmodic, anodyne, and mydriatic action. It resembles atropine in its 
influence on nerve endings, but differs from it in having a sedative, 
instead of a stimulating, eiTect on the brain. 

Action on Central Nervous System , — Scopolamine produces a pro- 
nounced depression of the psychic and motor centers of the brain, pro- 
duces a hypnotic effect, and, if the doses are large enough, narcosis. The 
motor centers are depressed easily and the subject becomes sluggish and 
soon falls asleep. Occasionally sleep is preceded by a short period of 
excitement. Large doses produce a depression of the spinal cord. 

The peripheral effects of scopolamine, which are similar to those of 
atropine, consist of paralysis of the parasympathetic nerve endings. 
Sometimes slowing of the heart is noticed after scopolamine admin- 
istration, which may be the result of motor inactivity or some impurity 
in the drug administered. 

Circulation, — Scopolamine, in therapeutic doses, rarely causes accelera- 
tion of the heart. It rarely stimulates the vasomotor center; however, 
toxic doses depress this center, and this is followed by a corresponding 
fall in blood pressure. 
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Respiration. — Large doses depress respiration. 

Eye, — Scopolamine (0.2 per cent solution) will dilate the pupil in ten 
to thirty minutes and induce paralysis of accommodation. The action 
is due to paralysis of the oculomotor nerve endings in the constrictor 
muscle and the ciliary musclei respectively. The mydriatic effect of the 
drug passes off more rapidly than that of atropine; it lasts three to 
five days, while the power of accoinmodutiou returns in four to five days. 

Secretions. — Secretions are inhibited as with atropine. 

Toxicology. — ^Idiosyncrasies to scopolamine are common and it 
should be administered with care. The toxic symptoms and treat- 
ment are largely the same as for belladonna and its alkaloids. There 
is a greater tendency to the development of psychoses. Somnolence 
and dizziness may appear in ophthalmic use of the drug. The toxic 
dose ranges between 0.6 and 2 mg. (Vioo to grain). Do.ses larger 
than therapeutic doses cause, in addition to dryness of the mouth, 
mydriasis, and dysphagia, such symptoms as ataxia, unconsciousness, 
delirium, muscular weakness, rapid pulse, noisy respiration, cold 
perspiration, and collapse. 

Treatment. — If the drug has been taken orally, evacuate the stomach 
with stomach tube or emetics. Administer tannic acid or Lugol’s solu- 
tion orally before emptying the stomach. Pilocarpine, 0.016 ^am 
grain), or strychnine, 2 to 3 mg. (^q Mo grain)i niay be administered. 
Strong hot coffee is indicated. In cases of delirium administer chloral 
hydrate in doses of 0.6 gram (10 grains). Administer digitalis, epineph- 
rine, caffeine and ammonia preparations in circulatory depression. 
Artificial respiration and heat may be used. 

Therapeutic Uses. — As Sedative. — Scopolamine, in doses of 0.2 mg. 
(Hoo administered hypodermically, is indicated in insomnia 

due to mental or motor excitement. Combined with morphine it is 
effective in insomnia duo to pain; it augments the activity of morphine 
and no ill effect is apparent with this drug combination. 

In delirium tremens a hypodermic injection of scopolamine hydro- 
bromide, 0.6 mg. (Vioo grain), with apomorphine hydrochloride, 3.0 mg. 
(Mo grain), and strychnine sulfate, 2 mg. g»ain), is re<*ommended. 
In the tremor of paralysis agitans, scopolamine may be administered 
hypodermically in daily doses of 0.25 to 0.5 mg. (Mio fo Vi 20 grain). It 
has also been recommended for senile and alcoholic tremor. 

Scopolamine is effective in the treatment of acute maniacal states. At 
the first intimation of hyperactivity the patient is given a cathartic, fol- 
lowed by 0.6 to 0.8 mg. (Moo Mo grain) of scopolamine hydrobromide. 
The effect is rapid and lasts for several hours. 

In Ophthalmology. — In rheumatic or syphilitic iritis scopolamine is, 
by instUlation, sometimes preferred over atropine. It apparently does 
not increase intraocular tension. This drug has been used successfully 
in the treatment of other infiammatory infections of the eye, such as 
iritis, uveiiis, and sympathetic ophthalmitis. 

Scopolamine administered in two instillations of a drop each of a 
0.06 gram (1 grain) to 30 cc. (1 ounce) solution of the hydrobromide 
at an interval of thirty minutes produces complete mydriasis and 
oyeloplegia in less than thirty minutes. The mydriasis and paralysis 
of accommodation pass off in from two to four days. Pressure over 
the inner canthus prevents drainage into the nasal cavities and minimizes 
the chances of constitutional effects. 

PremedicatUm in Anesthesia. — Doses of from 0.01 to 0.02 Om. (M 
to M graio) of morphine and 0.5 to 1.0 mg. (Mjo to ^ grain) of 
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scopolamine hydrobromide, given hypodermically two hours before 
inhalation anesthesia, are considered an excellent form of premedica- 
tion. Such a procedure quiets the patient and permits an anesthesia 
to be administered with ease and without struggling. The air-ways 
are not obstructed by secretions and postoperative discomfort and 
danger are at a minimum. This type of premedication is especially 
indicated in neurotic patients and in patients with pathology of the 
respiratory tract. 

Morphine and scopolamine also furnish a desirable type of pre- 
medication for local and spinal anesthesia. They quiet the patient, 
allay fear and apprehension, and reduce any shock to the nervous 
system that might attend the operation. 

Obstetrical Anesthesia , — Small doses of scopolamine and morphine 
have been used in labor to produce partial anesthesia or ^‘twilight 
sleep.'' Doses of 0.0003 to 0.0005 Gm, are given and the narcotic 
effect is enhanced by small doses of morphine, 0.008 to 0.015 Qm. 
(% to grain). The success of tlie procedure depends on its careful 
administration according to a technic that can hardly be described here 
with sufficient detail to be useful. Opinions as to the value of morphine- 
scopolamino administration in obstetrics vary. The disadvantages 
include prolongation of labor and narcotization of the baby. Ad- 
herents of the procedure assert that narcotization of the baby, if 
encountered, is the fault of the dosage and technic used in the proce- 
dure. Many agree that the method is of value for its psychic effect in 
neurotic primiparas in whom a long, painful labor is contraindicated. 

Varkinsoh Disrasc. — Scopolamine (0.3 to 0.6 mg.) intramuscularly 
relieves the rigidity and tremor of imstencephalitic Parkinson's disease. 
Tlie action is probably central since the efficacy of the atropine-like 
compoumls in this disease is relative to their central-depressant action, 

Prepaeation 

Scopolamine Ilydrobromide, Seopolaminae llydrobromidum, U.S.P. 

Dosage: 0.5 mg. (VI 20 grain). Hyoscinae Hydrobromidum, B.P. 

Dosage: 0.0003-0.0006 Gm. (%oo"Moo grain). 

Hyoscyamine 

Hyoscyamine is found in Ilyoscyamus niger in company witli hyoscine 
(scopolamine) and traces of atropine. Hyoscyamus contains not less 
than 0.040 per cent of alkaloids, Hyoscyamine predominates in the 
older plants. It is a white crystalline, slightly soluble alkaloid, 
Mropyltropeine, CH,.N.C*H,oCH.O.CO.CH(C,Hg)CH 30 H, and when race- 
inized with alkalies it forms atropine. It is never obtained pure since 
it is always mixed with atropine. 

Pharmacological Action. — Hyoscyamus acts on the central nervous 
system like atropine, stimulating the respiratory and vasomotor 
centers in therapeutic doses. Large amounts, however, cause delirium 
followed by stupor. Peripherally the action is similar to, but more 
powerful than, that of atropine. The degree of the effect varies 
directly with the amount of levo-rotntory power of the sample used. 

Toxicology. — The symptoms of poisoning are dryness of the throat, 
mydriasis, a feeling of fullnes.s in the head, dizziness, acceleration 
of the pulse rate, muscular weakness, and delirium. Stupor and coma 
may follow. 

Treatment , — Administer at once Lugol 's solution or potassium 
permanganate and immediately following this u^ the stomach tube 
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or give an emetic. Pilocarpine hydrochloride, 0.015 gram (% grain), 
may be administered hypodermically. Delirium may be treated by 
morphine, 0.015 gram grain). Stimulants, such as hot coffee or 
strychnine sulfate, 0.003 gram grain), may be used if indicated. 

Therapeutic Uses. — Preparations of hyoscyamus or its alkaloid, 
hyoscyamine, are used as an antispasmodic anodyne, in mental dis- 
orders, colic, cough, etc. The tincture is the preparation of choice 
for fluid prescriptions. The powdered extract is commonly used, but 
the alkaloidal salt is rarely prescribed. 

Sedative in Urinary and Bladder Conditions. — Hyoscyamus is an ex- 
cellent sedative for the relief of pain in painful micturition in exces- 
sive bladder irritability as found in cystitis, pyelitis, and urethritis. 
Considerable relief is obtained in these conditions following the admin- 
istration of tincture of hyoscyamus and potassium acetate. 

For relief of pain in pyelitis and cystitis: 

B 

Hyoscj-amus Tincture 30.00 cc. (fSj) 

Potassium Acetate 30.00 Gm. (5j) 

Distilled Water q.s. ad 180.00 cc. (fjvj) 

M. Sig.; Two teaspoonfuls in water after meals. 

Hyoscyamus is an excellent sedative in the dry, hacking type of 
cough and in whooping cough. Powdered hyoscyamus is frequently a 
constituent of asthma powders or asthma cigarettes. The nervousness 
and insomnia following withdrawal of morphine or opium may be 
allayed by the use of hyoscyamus in combination with chloral hydrate 
and cannabis indica. 

For treatment of cough: 

B 

Codeine Sulfate 0.30 Qm. (gr.v) 

Hyoscyamus Tincture 12.00 cc. (fSiij) 

Tolu Balsam Tincture 15.00 cc. (fSw) 

Distilled Water q.s. ad 90.00 cc. (fjiij) 

M. Sig. : Teaspoonf ul every three hours. 

Preparations 

Hyoscyamus, Hyoscyamus, XJ.S.P., B.P. Leaves and tops, yielding not 
less than 0.04 per cent of alkaloids. Dosage: 0.2 Om. (3 grains). 
Hyoscyamus Extract, Extractum Uyoscyami, N.F. Yields about 0.15 
per cent of alkaloids. Dosage: 0.05 Gm. (% grain). 

Hyoscyamus Fluidextract, Fluidextractum Uyoscyami, N.F., yields 
0.035 to 0.045 per cent of alkaloids of hyoscyamus. Dosage: 
0.2 cc. (3 minims). 

Hyoscyamus Tincture, Tinciura Uyoscyami, XJ.S.P. Hyosc^yamus (10%) 
yields about 0.004 per cent of hyoscyamus alkaloids. Dosage: 
2 cc. (30 minims). B.P., 2-4 ml. (30-60 min.). 

Stxmmoiiiiiin Alkaloids 

Sthunoninm consists of the dried leaves and flowering tops of 
Datura stramonium (Jamestown weed, Jimson weed, thorn apple). 
Stramonium yields not less than 0.30 per cent of hyoscyamine and 
traces of scopolamine, but these amounts are not large enough to 
influence its physiological activity. 
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Pharmacological Action. — Stramonium and belladonna are prac- 
tically identical in the symptoms of toxicity and in their general 
physiological actions. Stramonium has no advantage over atropine, 
but has acquired special reputh in the treatment of asthma. In poison- 
ous doses the symptoms and treatment are like those given for bella- 
donna and atropine. 

Therapeutic Uses. — Stramonium is a favorite remedy in spasmodic 
asthma. Stramonium leaves may be smoked in a pipe or cigarette, or 
mixed with potassium nitrate and ignited in a saucer. The tincture is 
sometimes given by mouth, but is rarely prescribed. A good mixture 
for inhaling is one of three parts potassium nitrate, one and one-half 
parts of potassium chlorate, three parts of powdered stramonium leaves, 
and one part of ipecac. The following prescription is satisfactory; 

B 

Sodium Nitrate 15.00 Qm. (Sss) 

Anise 15.00 Qm. (Sss) 

Stramonium 30.00 Gm. (Sj) 

M. Sig. : Ignite a teaspoonful and inhale. 

The stramonium tincture as well as the powdered leaf, has recently 
proved efficacious in alleviating the tremor of paralysis agitans. The 
ointment is used to relieve the pain and tenesmus caused by hemorrhoids 
and -fissures. Stramonium is strongly recommended by Jones (1935) 
for the treatment of Sydenham* s chorea. 

Encephalitis Lethargica. — Powdered stramonium leaves (in capsules 
or pills) may be administered at one- or two-hour intervals. In the 
beginning give 1 to 2 grams (15 to 30 grains) distributed over the 
first day (24 hours). A maintenance dose of 0.5 gram (8 gp^ains) may 
be given and be well tolerated for months. 

Preparations 

Stramonium, Stramonium, U.S.P., B.P. leaves, containing not less than 
0.25 per cent of alkaloids. Dosage: 0.075 Gm. (1% grains). 
Stramonium Extract, Extractum Stramonii, U.S.P. One gram of ex- 
tract represents about 4 Gin. of stramonium and yields about 
1 per cent of stramonium alkaloids. Dosage: 0.02 Qm. 

(1^ grain). 

Stramonium Tincture, Tinctura Stramonii, U.S.P., Stramonium (10%), 
yielding about 0.025 per cent of stramonium alkaloids. Dosage: 
0.75 cc. (12 minims). B.P., 0.3-2 ml. (5-30 min.). 

Homatropine 

Homatropine, a mydriatic alkaloid, C„H„NOg, or tropine mandelate, 
is obtained by the condensation of tropine and mandelic acid. The 
hydrobromide is the only official salt. It occurs as white, small crystals, 
soluble in water (1:6). 

Phaimacological Action. — Homatropine acts similarly to atropine but 
is much weaker. It rapidly dilates the pupils and paralyzes accom- 
modation but the effects pass off in twenty-four to forty-eight hours, 
whereas the mydriasis of atropine lasts from ten to twelve days. 
Homatropine is much less toxic than atropine. 

Therapeutic Uses. — Homatropine is used almost exclusively for 
mydriasis and to paralyze the muscles of accommodation for cor- 
recting anomalies in refraction. For examination for refraction 
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instill one drop of 1 per cent solution of homatropino in the eye 
every live or ten minutes for one and one-half hours. After thirty 
or forty minutes the examination can be made. 

Preparations 

lloiuatropiuo llytlrobromido, Itomatropinac llydrobromidum, IJ.S.l*., 
B.P. Voitaifc: 0.5 mg. l5***^**0> orally. May be used in 1 

to 2 per cent aqueous solution. 

Eucatropine, employed as Eucatropiiio ll^^drochloride, CnHjaOaN, 
U.S.P., is used as a mydriatic and causes no paralysis of accommodation. 
Administer from 2 to 3 drops of 5 to 10 per cent solution. Maximal 
dilatation occurs in thirty minutes, and the iris returns to normal in two 
to three hours. It is useful as an aid in ophthalmoscopic examination 
in place of atropine, homatropinC; etc. 

Uomatropine Mcthylhromidc, X.F., <\jll 5403 NHr, is proposed for 
use in the treatment of gastrointestinal spasm and hyperchlorhydria. 
It is less toxic and also less active than atropine. Dosaye: One or 
two tablets (2.5 mg. per tablet) three times daily before meals; 
children and infants according to age. 

Eumydrine (Methylatropinc Nitrate). This substance is readily 
soluble in water. Its systemic actions are similar to atropine and may 
be substituted for it in the same dosage. Its toxicity is about one- 
tiftieth, and its mydriatic strength about one*tent!i, that of atropine. 
Continued u.se may lead to tolerance. 
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CHAPTER XllI 


DRUGS ACTING ON THE PERIPHERAL NERVOUS 

SYSTEM 

II. THE SYMPATHETIC NERVOUS SYSTEM; PARA- 
SYMPATHETIC AND SYMPATHETIC GANGLIA 

SYMPATHOMIMETIC DRUGS 

The sympathomimetic drugs in general are those agents which stim* 
ulate the terminations of the sympathetic nerves. They may well 
be subdivided into two groups: those which stimulate the effector 
mechanism directly, e.g., epinephrine, phenylephrine (neosynephrine), 
and kephrine; and another group which acts by preserving sympathin, 
probably by blocking the amine oxidase, e.g., ephedrine, amphetamine, 
propadrine, and paredrine. 


Epinephrine 

Epinephrine (adrenalin, suprarenin) is our most interesting drug be* 
cause it is a hormone of the adrenal medulla and simulates so closely 
the effects of stimulation of the sympathetic nervous system. It is 
an animal alkaloid obtained commercially from the medullary part 
of the adrenal glands of sheep, cattle and hogs (0.1% of gland is 
epinephrine). It is also prepared synthetically. The natural epineph- 
rine is levo-rotating, while synthetic epinephrine is optically in- 
active, but resolvable in the dextro- and levo- forms, Dextro-rotating 
epinephrine is almost inactive, the mixture of dextro- and levo- forms 
is about one-half as active physiologically as is natural (levo-) epineph- 
rine. The levo-rotation product is the only one used in medicine. 

The active principle of the adrenal gland was first isolated by Abel, 
in the form of a benzoyl compound, and was named epinephrine. A 
fine crystalline compound was isolated by Takamine and Aldrich in 
1901 and named adrenalin. Stoltz (1906) synthesized epinephrine. 
Barger and Dale (1910) prepared an extensive series of similar 
sympathomimetic-acting drugs. Some of these are marketed as well as 
synthetic epinephrine. 

Epinephrine is methylaminoethanolcatechol. It has been prepared 
synthetically from catechol and is a derivative of parahydroxyphenyl 
ethyl amine. Epinephrine differs from other alkaloids in not being 
precipitated by alkaloidal reagents, and in being practically insoluble 
in alcohol. It is easily oxidized; it is, therefore, often dispensed with a 
reducing agent, alcohol, and the solvent is made acid. 

Epinephrine, though related chemically to ephedrine, still has im- 
portant differences in action. Epinephrine has increased action on 
structures whose sympathetic system is degenerated. This may be 
apparent in some patients following a sympathectomy. Another dif- 
ference of Importance is that cocaine sensitizes the 83rmpathetic mech- 
anism to epinephrine, and thus increases its action. This does not hold 
with ephedrine, probably because of the absence of the hydroxy-phenyl 
group in ephedrine. ^ / 

Phazmacologlcal Action. — Epinephrine is a cardiac stiWlant and 
vasoconstrictor. It acts by stimulating the '' receptive substance^' of 
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the effector organs innervated by the peripheral sympathetic nerves. 
It produces all the phenomena of sympathetic nervous stimulation ex- 
cept mydriasis and sweating. Sweating, however, may occur with 
large doses. It is a true sympathomimetic amine. (Mimetic, Gr. 
mimatikor, to mimic or imitate.) 

Epinephrine and pituitrin have certain actions in common. They 
both stimulate the uterinb muscle and raise blood" pressure^ by constrict- 
ing vessels. They differ, however, in that pituitrin action is not on 
the sympathetic innervation of the structures acted upon, whereas 
epinephrine acts only upon structures receiving sympathetic innerva- 
tion. 

Ergotoxine or ergotamine annuls the excitatory (motor and secretory) 
responses of epinephrine or of sympathetic stimulation; but the inhibi- 
tion effects, e.g., vasodilator, are not interfered with. The hyper- 
glycemic response is negated by ergotoxine. Apocodeine is another drug 
which reverses some of the effects of epinephrine, whereas cocaine en- 
hances its vasoconstrictor, cardiac, and pupillary reactions. 

, Absorption and Excretion. — Epinephrine is readily absorbed from 
imucous membranes. It is destroyed by digestive enzymes, thus is con 
traindicated by mouth. Its effects appear in five to fifteen minutes, 
when administered intramuscularly or subcutaneously, and at once 
when given, by vein. The drug is rapidly destroyed in the body and 
rapidly excreted; its effects pass off in fifteen to thirty minutes. 

Local Action. — Epinephrine has no local effect upon the skin; but 
when applied to wounds or mucous membranes, or injected into tissues, 
it quicUy constricts the vessels near the site of application. No drug 
known to medicine causes such complete vasoconstriction as epinephrine 
when applied locally; the effect lasts thirty minutes to two hours, while 
systemic action lasts about five minutes. Very small doses of the drug 
may cause vasodilatation which might explain the after congestion fol- 
lowing an epinephrine spray. 

It is an interesting fact that chance or necessity frequently brings 
about the practically simultaneous discovery of two substances, one or 
both of which would be sharply limited in usefulness without the other. 
The discovery of epinephrine has had a profound bearing upon the ap- 
plication of local anesthesia in surgery. Epinephrine pr^uces constric- 
tion of the blood vessels, and when administered with a local anesthetic, 
it delays absorption, decreases toxicity, increases duration of anesthesia, 
and decreases hemorrhage. The abandonment of some local anesthetics, 
such as the eucaines, has been partially due to their incompatibility with 
epinephrine. 

General Metabolism. — Oxygen consumption is increased by from 20 
to 40 per cent and carbon dioxide from 30 to 50 per cent. In man, 
the subcutaneous injections of 0.5 cc. of a 1:1,000 solution cause an 
increase in basal metabolic rate. The temperature rises (calorigenic 
action). The effect may be partly the result of hyperglycemia and partly 
due to direct stimulant action upon cellular oxidative processes. Definite 
circulatory and respiratory effects accompany the increased heat produc- 
tion. 

Central Action. — The central effects of epinephrine are attributed 
largely, if not entirely, to secondary stimulation of the vagus and the 
respiratory ^nter. 

Beiroiration may become irregular during high blood pressure, and 
period of strong and rapid breathing may alternate with apnea. The 
action may be due to high blood pressure rather than to direct action on 
the respiratory center. 
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Action on Circulation. — Heart , — ^Epinephrine acts directly, both on 
the auricle and ventricle and on the sympathetic cardiac accelerator 
mechanism (Pig. 13). The heart rate is accelerated, followed by prompt 
rise in blood pressure. With very rapid rates, cardiac output decreases, 
and this is followed by fall in blood pressure. The high blood pressure 
tends to slow the heart due to stimulation of the vagus center (no 
action if vagus is cut or atropine given intravenously). Cardiac ir- 
ritability is increased which may eventually lead to ventricular dbrilla- 
tion. 



Fig. 14. — Record showing the action of adrenalin on the rate of oxygen 
consumption, uterine contractions, blood pressure, and respiration. (From 
Jackson : Experimental Pharmacology and Materia Medica , ) 


Vessels . — The vascular system responds differently to epinephrine. 
The vessels of the skin constrict (white with anger) and the splanchnic 
vessels constrict, while the skeletal muscles and apparently the coronary 



DRUGS ACTING ON PERIPHERAL NERVOUS SYSTEM 


455 


arteries dilate. The tonic state of activity of the vessels may^ however, 
influence the action of the drug. For example, if the vessels are con- 
stricted epinephrine may cause dilatation. This adjustment in body 
economy is for self-preservation and is explained on the basis of a dif- 
ferent degree of development of the sympathetic receptive mechanism. 

Epinephrine produces vasoconstriction of ail capillaries, except the 
coronary capillaries, in which it produces vasodilatation. Epinephrine 
constricts the splanchnic vessels and improves the circulation of striated 
muscles, thus tending to relieve muscular fatigue. 

Blood Pressure , — There is a marked rise in arterial blood pressure 
due to action on the terminations of the nerves themselves in the smooth 
muscle, and due to direct action on the muscle of the vessel walls. (Figs. 
14 and 15.) The action is on the arterioles chiefly, but also on papillaries 
and venules (0.005 mg. will show rise in blood pressure). Full ther- 
apeutic doses may reach 400 mm. of mercury systolic, and 300 diastolic. 



Figf. 15. — Blood pressure and respiration showir^ the effects of intra- 
venous injection of adrenalin. (From Jackson: Experimental Pharma- 
oology and Materia Medica,) 

The effect of blood pressure depends on the route of administration: 
By vein there is a sudden rise of blood pressure which lasts only a short 
time; by the subcutaneous route, there is a slow rise in blood pressure 
because epinephrine is slowly absorbed, part is inactivated, and absorp- 
tion is delayed by local vasoconstriction ; orally there is no effect, due to 
the inactivation of epinephrine by the digestive juices. 

Action on Glands. — The glandular action of epinephrine is relatively 
unimportant. The site of action is not on the gland cells but on the 
sympathetic innervation, presumably on the receptive mechanism. 
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Salivary Glands , — The salivary secretion becomes thick and rich in 
org^ic matter^ as after stimulation of the cervical sympathetic. The 
action does not occur on stimulation of chorda tympani. 

Sweat Glands , — The sweat glands provide an exception to the rule, 
since epinephrine has no effect on the sweat secretions. 

Urine * — The urine secretion may be arrested immediately on injection 
of epinephrine and then increased. This apparently is due to vascular 
constriction of the renal vessels, followed by early relaxation. The flow 
of blood through the kidneys, first reduced and then augmented, is due 
to the dilatation of the renal arteries. 

Liver and Spleen. — The liver is affected by the presence of epineph- 
rine, causing glycogenolysis with consequent hyperglycemia and glyco- 
suria. The effect occurs with prolonged administration of epinephrine. 
The accelerated breakdown of glycogen appears to arise from stimula- 
tion of the terminal mechanism of the sympathetic nerves, of the liver 
which control glycogenic function. The muscle fibers in'TIIe capsules of 
the spleen contract, and blood corpuscles are thrown into the circu- 
lating blood. 

The hyperglycemic effect is greatest in well-fed animals with an 
abundant hepatic store of carbohydrates. If the epinephrine administra- 
tion be continued, the liver glycogen is converted to glucose which passes 
into the blood, then subsequently reconverted to glycogen in the muscles 
(Cori). The cycle is represented as follows; 

Muscle Glycogen 

Blood Lactic Acid Blood Glucose 
Liver Glycogen 

Action on Stomach and Intestines, — ^Epinephrine, by vein, causes im- 
mediate cessation of stomach and intestinal movements. The splanchnic 
fibers are inhibitors of these organs, and therefore stimulation of these 
nerves arrests peristalsis and causes relaxation. The cardiac sphincter 
reacts in a manner that is dependent on the tonic state of the organ at 
that time; if the sphincter is relaxed, the drug constricts it and vice 
versa. The action seems to be on the receptive endings since it oc- 
curs after degeneration of the splanchnics. It is not due to paralysis 
of the vagus (motor nerve to intestine) since stimulation of it shows 
it to be effective after epinephrine. 

Action on Bronchi. — Epinephrine, injected by vein, dilates the bron- 
chi, due to stimulation of sympathetic bronchodilator endings. The re- 
laxation is more pronounced than with atropine. 

Action on the Eye. — The action, on intravenous injection, is similar 
to the action after stimulation of the cervical sympathetic nerve, which 
causes the pupil to dilate, due to stimulation of the radial nerve fibers. 
This action also occurs when these fibers are cut. Applied locally to 
the eye, it constricts the vessels of the conjunctiva and usually dilates 
the pupil, and reduces the intraocular tension for a short time. There is 
no cycloplegia, the action being purely mydriatic. 

Action on the Uterus, Bladder, and Rectum. — The action on the 
uterus differs in different animals, and even in the same animal at 
different times. (Fig. 14.) In the rabbit there is contraction whether 
the animal is pre^ant or not; in the nonpregnant cat, epinephrine gen- 
erally causes inhibition of movement and relaxation, while in the preg- 
nant cat, the drug is followed by powerful contractions. 



DRUGS ACTING ON PERIPHERAD NERVOUS SYSTEM 


457 


Epinephrine lessens the blood supply to the uterus by constricting 
uterine arterioles. In human beings it lessens the contraction of the 
pregnant uterus, and may be indicated for the prevention of threatened 
abortion. ' 

Bladder , — The action depends on the functional state of the organ. 

Toxicology. — Occasionally symptoms arise due to overdosage of 
epinephrine. These symptoms are excitement, anxiety, tremors, pre- 
cordial pain, and high blood pressure, and although they are quite 
alarming they subside readily. Such symptoms may occur with 
therapeutic doses. Patients with asthma may show some degree of 
hypersensitivity to epinephrine, and more serious major accidents 
may occur, such as ventricular tachycardia leading to ventricular 



Fig:. 16. — A record showing the actions of adrenalin and ephedrine on 
nasal volume, blood pressure, and respiration. (From Jackson: Experi- 
mental Pharmacology and Materia Medica.) 

fibrillation and death. Such accidents occur from careless employ- 
ment of th% drug and are rare. Extreme care should be exercised in 
the use of epinephrine for persons suffering from cerebrovascular dis- 
eases, angina pectoris, hypertension, etc. The fatal dose is unknown, 
but fatal results have followed injections of 1 cc. of a 1:1,000 solution. 
The death usually is sudden. The autopsy findings are not characteristic. 
Treatment is symptomatic. 

Therapeutic Uses. — In medicine epinephrine is used for the follow- 
ing purposes: 

1. To stop bleeding from accessible mucous surfaces (epistaxis. 
hematemesis) or from the skin. Note: Due to pressor effect it is of no 
value in pulmonary hemorrhage, etc. 

2. To combat shock. 

3. To relax muscles in asthma. 
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4. To combat certain anaphylactic conditions, e.g., serum sickness. 

5. To stimulate respiration and circulation. 

6. To enhance action of local anesthetics. 

7. To shrink mucous membranes, e.g., membranes of nose, etc. 

Epinephrine in solution, or under the trade name of adrenalin (solu- 
tion 1:1,000), is administered by hypodermic injection. Since some pa- 
tients show an idiosyncrasy to the drug, it is always best to test out the 
tolerance of the patient. Great care must be exercised when injecting 
into a vein. The solution does not keep well and deterioration is for- 
tunately evidenced by a change in color from a clear solution to a brown- 
ish solution, usually with a sediment. Ampules containing 1:1,000, 
1:500, and 1:100 concentrations are available and are most satisfac- 
tory for use. 

Hemorbhaoe. — The chief therapeutic use of epinephrine is to con- 
strict blood vessels by local application. A period of secondary dilata- 
tion follows such use. In this manner it may be used to diminish 
hyperemia of conjunctiva, to reduce turbinate swelling, and to reduce 
hemorrhage of mucosa in surgery of the eye, ear, nose, and throat. It 
will prevent capillary bleeding. The drug is applied locally only to 
prevent bleeding. Systemic action does not occur following oral ad- 
ministration, because of destruction in the gastrointestinal tract. 

Nasal Mucosa. — Epinephrine causes a congestion of nasal mucosa, 
but because of the short duration of its action it has limited value in 
hay fever or coryza. Oil solutions have longer action. Ephedrine, 
amphetamine, etc., are to be preferred. (Fig. 10.) 

For rhinitis: 

n 

Epinephrine Hydrochloride Solution . 6.00 cc. (fSiss) 

Antiseptic Solution 12.00 cc. (fSiij) 

Water q.s. ad 30.00 cc. (fjj) 

M. Sig.: Use as spray. 

Conjunction With Local Anesthesia. — Epinephrine is employed 
with local anesthesia to constrict vessels, thus securing the more effi- 
cient and longer action. It has the added value of reducing toxicity 
of the anesthetic and arresting hemorrhage in the ensuing operation. 
Since cocaine sensitizes the sympathetic mechanism to epinephrine, very 
dilute solutions of epinephrine (1:30,000) may suffice. 

Allergic Conditions. — Epinephrine (0.3 to 0.5 cc. of 1:1,000) is of 
great value in giving symptomatic relief in serum reactions, angioneurotic 
edema, hay fever, urticaria, etc. It is often a life-saver in angioneurotic 
edema. Its efficient relief of asthma may clinch the diagnosis. 

Asthma. — Bronchial Asthma . — Of all the drugs used in allergy, 
epinephrine is the most generally useful for all the various allergic 
crises. It is a life-saver in the control of acute symptoms, often ward- 
ing off death. Its effectiveness resides in the stimulation of the 
sympathetic nerve endings which produce results antagonistic to the 
parasympathetic (vagus) or cholinergic fibers. It thus combats edema 
and smooth muscle spasm. Dosage: 0.2 to 0.3 cc. of the 1:1,000 solu- 
tion given subcutaneously provides relief in a few minutes in uncom- 
plicated cases. These amounts may be repeated hourly if necessary. 
Infants and children tolerate such doses. Epinephrine may become 
less effective after repeated use, at which time aminophylline (0.25 
to 0.5 Gm.) should be given intravenously. This often dramatically 
stops the attack. Administer aminophylline solution very slowly. 
If necessary, dose may be repeated at twelve-hour intervals. 
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Cardiac Asthma. — ^In cases of cardiac asthma, in which bronchial 
spasm is superimposed on, pulmonary congestion, epinephrine (0.3 to 0.5 
cc. of 1:1,000 solution) may be given subcutaneously. 

Nitritoid Beactions. — In the 'administration of arsphenamine, nitri- 
toid reactions, characterized by flushing of the neck, choking, fall in 
blood pressure and shock, may occur. This condition may 1^ treated 
efficiently by epinephrine or ephedrine. An injection of 0.6 cc. of a 
1:1,000 solution intramuscularly results in prompt relief. If a shock 
has already occurred, slowly administer intravenously, 0.2 to 0.3 cc. of 
epinephrine. 

Shock. — With our newer conception concerning the cause of shock, 
epinephrine would seem to be an ideal drug with which to treat the low 
blood pressure following medical or surgical shock. Shock, however, is 
attended actually by an increase in capacity of the vascular system and 
a decrease in the volume of blood, a condition resulting in a fall of 
blood volume. Epinephrine may fail to produce vasoconstriction because 
the arterioles are already highly constricted and may even dilate fol- 
lowing epinephrine administration. 

Heart. — Heart Block With Syncopal Attacks (Adams-Stekes Dis- 
ease). — The subcutaneous injection of epinephrine (0.3 to 0.5 cc. of a 
1:1,000 solution) is indicated if syncopal attacks occur. This may in- 
crease the heart rate (30 to 50 per minute) for several hours. 

Acute Cardiac Failure. — The administration of 0.5 cc. of epineph- 
rine solution following acute cardiac failure resulting from an infec- 
tious disease may prove beneflcial. The contraindications must be borne 
in mind. The physician must remember that therapy is directed against 
a weakened myocardium and no doubt considerable peripheral vasodila- 
tation. 

Resuscitation. — Epinephrine solution (0.05 to 0.2 cc.) may be 
given intravenously to initiate heart action following anesthetic acci- 
dents, drowning, etc. If the pulse is not palpable and heart sounds are 
not audible, an injection of 0.5 cc. may be advisable as a ^ last resort. 
Since there is always the danger of initiating ventricular fibrillation 
from this procedure, other measures are indicated, such as cardiac mas- 
sage and artificial respiration. 

Addison's Disease. — Epinephrine is used orally, or by injection, to 
supply deficiencies in Addison’s disease. Solution of Epinephrine Hydro- 
chloride, U.S.P. (10 minims of the 1:1,000 solution three times daily), 
or extract of the suprarenal gland, may be given, but the benefit is usu- 
ally temporary. 

Hypoglycemia. — Hypoglycemia in diabetes mellitus may be treated 
by injection of 1 cc. of solution of epinephrine. If ineffective, do not 
repeat. 

Epinephrine is effective in combating the insulin reaction; however, 
there is little reason to use the drug if carbohydrates are at hand. The 
dose is 1 cc. of the 1:1,000 solution for adults, and 0.5 cc. for a child, 
given intramuscularly. 

Bio-Assay. — Chemical. — Oxidation leads to various colored com- 
pounds. This action is not specific for epinephrine. 

Biological. — The official method of assay is based upon the rise of 
blood pressure in the anesthetized dog. A U.S.P. reference standard is 
available. ^ 

Preparations 

Epinephrine. Epinephrina, U.S.P. Adrenalina, B.P. Dosage: Hypo- 
dermic 0.5 mg. (^20 gi’ctiii)* 
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Epinephrine Solution, Liquor Epinephrinae, U.S.P. A solution of 
epinephrine hydrochloride in distilled water with a potency 
equivalent to a solution containing 1 Gm. of U.S.P. Epinephrine 
Reference standard in each 1,000 cc. Dosage: By parenteral 
injection 0.5 cc. (8 minims). 

Epinephrine Hydrochloride Inhalation, Inhalatio Epinephrinae Hydro- 
chloridi, U.S.P. Solution of epinephrine hydrochloride in dis- 
tilled water. 

Epinephrine Injection, Injectio Epinephrinae , U.S.P. A sterile solu- 
tion of epinephrine hydrochloride in water for injection. The 
usual sizes contain 1 cc., 10 cc., and 30 cc. of 1:1,000 solution. 

Ephedrine 

Ephedrine (alpha-hydroxy beta-methyl-amino-propylbenzene) is a veg- 
etable alkaloid isolated in 1887 by Nagai from the Chinese herb ma 
huang (‘‘yellow astringent”), botanically known as Ephedra vulgaris, 
var. helvetica, a plant which resembles the yew tree and has a pleasant 
aromatic odor. This alkaloid, which has been used as a medicine by the 
Chinese since antiquity, was introduced into therapeutics in the Western 
hemisphere by K. K. Chen in 1926. 

The main supply of the drug is still from natural sources, although 
the synthetic product is available. The drug is an almost colorless solid 
occurring as crystals or granules which are soluble in water or alcohol. 

Pharmacological Action. — Ephedrine excites the nervous system, 
producing effects resembling those of epinephrine. Ephedrine aug- 
ments the effects of injected epinephrine or sympathetic stimulation. 
Its action is probably due to an inhibition of the destruction of 
sympathin by amine oxidase. 

It differs from epinephrine in that ephedrine? can be absorbed from the 
intestinal tract and thus can be used orally. After oral administration 
the nasal mucosa can even be shrunk. Ephedrine has a more prolonged 
action on the cardiovascular system, the action being slower in onset and 
weaker in action. Regardless of the dose or prior administration of 
other drugs there is no vasodilatation with ephedrine as is occa- 
sionally found with epinephrine. The rise in blood pressure follow- 
ing administration of epinephrine is proportional to the dose, while 
with ephedrine large doses may cause a fall in blood pressure. This 
fall in blood pressure is attributed to tho more direct action of 
ephedrine on the heart, therefore ephedrine may produce its rise in 
blood pressure by this mechanism rather than by peripheral vasocon- 
strietton. Ephedrine is of little use with local anesthetics. 

Ephedrine is a valuable respiratory stimulant acting directly on 
the respiratory center, while epinephrine is valueless for this purpose. 
Ephedrine is useful in ophthalmic work due to its dilating action on 
the pupil, an action resulting from either local or systemic administra- 
tion. Epinephrine also has a mydriatic action. 

Small doses of ephedrine stimulate the cerebrum. It has been used 
to antagonize the effect of barbiturates, morphine, and chloral in 
narcotized animals. 

Toxicology. — Toxic doses of ephedrine stimulate the nervous sys- 
tem and depress the heart. In man doses below 0.10 gram rarely cause 
symptoms of perspiration, tremor, palpitation and faintness; they 
are sometimes present after larger doses. Treat by administering hot 
applications to relieve peripheral arterial constriction, and sedatives, 
such as barbiturates, for excitement and delirium. The use of the drug 
should be avoided in hyperthyroidism, cardiac diseases, and nervous pa- 
tients. 
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Therapeutic Uses. — Ephedrine is employed in oily and aqueous solu- 
tions, alone or with other agents, in sprays, instillations, etc. Prob- 
ably the greatest danger lies ii^ self-medication. 

Bronchial Asthma , — Ephedrine is of great value in preventing or 
aborting attacks of asthma. The drug may readily give relief in mild 
cases. The average dose recommended is from 25 to 50 mg. of ephedrine 
sulfate, administered several times per day. 

Ephedrine has been shown by many to be very reliable in relieving 
and preventing attacks of asthma. When given orally it takes ten to 
Ihirty minutes to act, and the action lasts for several hours. In severe 
and even moderate cases it may not. be effective, while epinephrine is 
very dependable. 

Bay Fever, Rhinitis, Sinusitis , — The congested nasal mucosa may be 
relieved by use of an ephedrine spray, ointment, or jelly. Some hay 
fever sufferers may be completely relieved from symptoms of hay fever. 
Ephedrine is usually given orally, but a nasal spray may add to the 
patient’s comfort. The action is rapid, following local application, 
and may last two or three hours. The rationale of such treatment may 
be questioned, but it affords great relief by opening the nasal airway 
and relieving nasal congestion. One per cent ephedrine base in oil, 
.several unofficial ointments, glycerites and inhalant preparations, are 
Hvailablo for use on mucous membranes (N.N.ll.). 

Ephedrine is also effective by mouth, for which use a convenient pre- 
scription for allergic rhinitis (hay fever) i.s the following: 

Ephedrine Sulfate 

Phenobarbital 

Aminophylline 

M. and make 24 such capsules 
Sig.: 1 capsule 3 times a day 

Aside from asthma and hay fever, good results have been reported 
in serum sickness, urticaria, angioneurotic edema, and nitritoid reac- 
tions. In the treatment of nitritoid reactions ephedrine sulfate may be 
administered, several doses orally of 0.025 gram (% grain) each on the 
day before and the day of ingestion of neoarsphenamine. 

For hay fever, etc: 

n 

Ephedrine Sulfate 1.00 Gm. (gr. xv) 

Galcium Lactate 4.00 Gm. (3j) 

Pone in capsulas No. xxx. 

Sig. : One capsule three or four times daily. 

For nasal spray in hay fever: 

n 

Ephedrine Sulfate 0.30 Gm. (gr. v) 

Solution of Physiological Sodium Chloride 30.00 cc. (f5j) 

M. Sig. : Use as spray. 

Circulatory Depression , — Ephedrine is recommended for treatment of 
shock and hemorrhage, and other conditions associated with low blood 
pressure. In serious circulatory collapse it is probably useless. 

Hypotension , — In chronic hypotension ephedrine makes the patient 
feel much better. In postural hypotension, resulting from lack of nor- 
mal reflex, cardio-accelerator and vasoconstrictor responses, striking 


0.025 (gr. %) 

0.050 (gr. %) 

... 0.200 (gr. iij) 
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results are obtained. The dose recommended is 25 to 50 mg. orally every 
three hours during activity. The beneficial action is thought to be due 
to central action on the brain. The usual dose is 60 to 90 mg. (1 to 
grains) by mouth. In doses of 50 to 100 mg., given orally or sub- 
cutaneously^ ephedrine sulfate raises the blood pressure and increases 
the pulse rate for a period of several hours. 

For hypotension; 


Ephedrine Sulfate 0.50 Qm. (gr. viiss) 

Pone in capsulas No. xv. 

Sig. : One capsule every three hours. 

Complete Heart Block With Syncopal Seizures (Adams-Stokes Dis- 
ease). — Ephedrine may be given orally in doses of 20 to 30 mg. three 
times daily. If smaller doses will suffice^ smaller doses should be ad- 
ministered. The drug is contraindicated when periodic ventricular 
fibrillation is the cause. 

Narcolepsy. — Ephedrine is an excellent drug in the treatment of this 
condition. The rationale for its use is not thoroughly understood, but 
we know it gives symptomatic relief, probably through its action on 
the central nervous system. A dose of 10 to 50 mg. of ephedrine sulfate 
is given orally three times daily. Children tolerate the drug well. 
Ephedrine is not a cure, but affords considerable symptomatic relief, an 
action not shared by epinephrine. 

Myasthenia Gravis. — Ephedrine produces beneficial results in the treat- 
ment of this disease a few hours after administration. An oral dose of 
10 to 25 mg. two or three times daily is recommended. Many patients 
are restored to fairly normal existence. Ephedrine and glycine therapy 
may be combined. Here again epinephrine has no therapeutic value. 

Mydriatic. — A 1 to 3 per cent solution of ephedrine sulfate is recom- 
mended as a useful mydriatic for routine ophthalmic examination. It 
causes satisfactory pupil dilation in thirty minutes or more, which lasts 
several hours. There is no paralysis of accommodation and no increase 
of intraocular pressure. Ephedrine solutions combined with 0.1 per 
cent homatropine give excellent mydriasis without cycloplegia. 

Spinal Anesthesia. — In spinal anesthesia ephedrine is the drug of 
choice. Twenty-five to 50 mg. of ephedrine sulfate are given sub- 
cutaneously, prior to the use of procaine. With the use of ephedrine 
in spinal anesthesia cases of hypotension or hypertension are not contra- 
indicated. If, however, ephedrine fails, use epinephrine. 

Antidote. — Ephedrine is an excellent antidote against depressant 
drugs, such as morphine, barbiturates, etc. Doses of 50 mg., by stomach 
tube or subcutaneously, repeated if necessary, are indicated. An intra- 
muscular injection of 20 to 30 mg. may be indicated. The drug raises 
the blood pressure and acts as a powerful respiratory stimulant. 

Preparations 

Ephedrine, Ephedrina, U.S.P. 

Ephedrine Hydrochloride, Ephedrinae Uydrochloridum, U.S.P. Dosage: 

0.025 Gm. (% grain). B.P., 0.016-0.1 Gm. (%-li/4 grains). 
Ephedrine Sulfate, Ephedrinae Sulfas, U.S.P. Dosage: 0.025 Gm. (% 

grain). 

Ephedrine Sulfate Tablets, Tabellae Ephedrinae Sulfatis, U.S.P. The 
usual sizes contain 15 mg., 25 mg., and 30 mg. 

Many preparations are available in N.N.R. and N.F. 
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SYNTHETIC SYMPATHOMIMETIC DRUGS 

A vast number of synthetic sympathomimetic drugs have been pre- 
pared and tested clinically. T^ey have been prepared to eliminate the 
undesirable side effects of epinephrine and ephedrine. Many of them 
vary greatly from the sympathomimetic patterns of epinephrine or 
ephedrine and must be evaluated on their ability to measure up to the 
clinical uses for which they are recommended. Among the newer drugs 
the following are of special interest: 

Amphetamine (Benzedrine) 

Amphetamine is a synthetic racemic desoxy-nov-ephedrine (C^HgCH,- 
CHNHjCH,) structurally related to both ephedrine and epinephrine, and 
possessing the fundamental grouping responsible for vasoconstrictive 
properties. It is a volatile liquid; the carbonate which is also volatile 
is used for its volatility and its vasoconstrictor action in inhaler tubes. 
The unpleasant odor is masked by menthol and oil of lavender. The 
average dose obtained from inhalation would be far from the dose re- 
quired to produce toxic symptoms. 

Pharmacological Action. — ^Amphetamine is a sympathomimetic drug 
which stimulates the higher centers, especially the cortex. It is a vaso- 
constrictor with a potency greater than that of ephedrine.'' Administra- 
tion of amphetamine, either orally or subcutaneously, increases the blood 
pressure, depresses respiration slightly (Fig. 17), and also raises the 
spinal fluid pressure. The red cell count increases following the admin- 
istration of amphetamine for several days. The drug stimulates the cen- 
tral nervous system, relieving the feeling of fatigue and depression; the 
effect lasts from two to five hours. Its use has achieved established 
recognition in the treatment of narcolepsy, for pathological drowsiness 
and catalepsy. The gastrointestinal tract shows decreased tone and 
motility following the use of this drug. 

Workers report few reactions following amphetamine administration. 
Delirium and extreme motor activity have resulted from large doses 
of amphetamine. Habit formation may occur. 

Therapeutic Uses. — Asthma, May Fever, Sinusitis, etc, — ^Amphetamine 
may be used orally, or applied locally, for the treatment of all con- 
gestive processes of the upper respiratory tract, such as colds, sinusitis, 
vasomotor rhinitis, and hay fever. Benzedrine sulfate is indicated for 
oral use, and an oil spray is recommended for local application. 

Gastrointestinal Spasm: X-ray Diagnosis of Stomach, — ^Amphetamine 
stimulates the receptive mechanism of the gastrointestinal tract and 
thus induces relaxation of spasm. This ability to relax reflex and 
functional pyloric spasm has made it an important diagnostic aid in 
x-ray work. It decreases the emptying time of the stomach and allows 
for better filling and visualization of the duodenum and bulb; the aver- 
age dose is 10 to 30 mg., depending on the result to be obtained. The 
proper action is secured in from fifteen to thirty minutes after oral 
administration. 

Its therapeutic application in spastic colitis and spastic constipation 
has been suggested. 

Mild Depressive Neuroses, — While amphetamine is probably without 
effect in the major mental disorders, Myerson (1936) has stated that: 
^*In certain cases of the neuroses associated with depression, fatigue 
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and anhedonia^ and in certain cases of the minor stages of the psychoses 
of the same general type benzedrine sulfate acts as an ameliorative 
influence.’^ 

Hypotension , — dose of 25 mg. taken before arising and doses of 
5 to 15 mg. at intervals during the day are indicated for the treatment 
of orthostatic hypotension. 

Narcolepsy . — Benzedrine sulfate, orally, in doses of 10 mg. two or 
three times a day, has proved effective in controlling narcoleptic and 
cataleptic seizures, but sometimes a larger dose is necessary. Benzedrine 
is apparently more efficient than ephedrine, as it possesses a low toxicity, 
and its actions are prolonged. 



Pig. 17.— Effect of amphetamine (benzedrine) on blood pressure and 
respiration. (From Jackson: Experimental Pharmacology and Materia 
Medica.) 

Evidence seems to indicate that amphetamine sulfate is useful in 
the treatment of migraine. It may be used as a substitute for er- 
gotamine tartrate when the latter is either ineffective or productive of 
severe toxic symptoms. It may be administered orally daily in small 
amounts as a means of preventing attacks. 

Obesity. — ^Amphetamine, 10 mg. daily in the morning, has been used 
to facilitate weight loss, presumably by producing anorexia. Danger 
of habituation is to be borne in mind. Results are seldom good except 
in patients who simultaneously follow a reducing diet. 

Parkinsonism . — ^A combination of a drug of the belladonna group 
with amphetamine, 10 to 30 mg. twice daily, is suggested as an adjunol 
in the treatment of this condition. 

Miscellaneous . — ^Benzedrine sulfate is a useful adjunct in the treat- 
ment of chronic alcoholism. Bloomberg (1939) recommends 20 mg. 
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daily, one*half of the dose on rising and the other half at noon, but 
this must be adjusted to meet the requirements of the individual pa* 
tient. In alcoholic psychoses jthe normal dosage used by Dayidoff and 
Reifenstein (1938) in institutionalized patients was 20 to 30 mg. 
orally or intravenously. Benzedrine has proved of some value in certain 
mental diseases; for example, in chronic nervous exhaustion, impaired 
mental efficiency, lowered mood and apathy, fatigue, etc., excellent results 
have been obtained in some cases. Normally benzedrine (10 to 20 mg.) 
produces a condition of lessened fatigue, ta&ativeness, and general feel- 
ing of well-being. The object of the treatment is to stimulate these qual- 
ities in the patient not possessing them. Its potentially harmful effects, 
such as habit-formation and cardiac overstimulation, raising of blood 
pressure, and mental and physical overstimulation, must be borne in 
mind. 

Preparation 

Amphetamine Sulfate, N.N.R. (Benzedrine). Sympathomimetic and 
central stimulant. Dosage: 5 to 10 mg. (^12 % grain) orally; 

inhalation of volatile salt in nasal inlialator. 

Phenylephrine (Neosyhephrine) 

Phenylephrine hydrochloride is a synthetic, optically active 
sympathomimetic amine which has replaced an older preparation 
synephrin. Phenylephrine hydrochloride is laevo*a-hydroxy-j3-methyl- 
amino'3-hydroxy ethylbenzene hydrochloride (CCH4OH.CHOHCH2NH- 
CH3.IICI). ' 

Action and Uses. — The phaririacological actions of phenylephrine are 
similar to those of epinephrine. The effect on the heart is less than 
that of epinephrine, compensatory reflexes may slow the heart to below 
normal. The incidence of side reactions is less than with epinephrine. 
Finally, phenylephrine is much more stable and produces more lasting 
responses than does epinephrine. 

Phenylephrine is extensively used topically on nasal mucous mem- 
branes for symptomatic relief of vasomotor rhinitis and sinusitis. It 
is employed for topical application as a 0.25 to 1.0 per cent solution in 
0.8 per cent sodium chloride and 0.1 per cent sodium benzoate. It is 
also a suitable agent for sustaining blood pressure during spinal an- 
esthesia, being superior to cphedrine in that it does not affect the 
central nervous system, and does not lose its efficacy with repeated 
use. For this purpose inject 5 mg. in physiological saline subcu- 
taneously, repeat if necessary. 

As an adjuvant to local anesthetics, three to four drops of a 1 per 
cent solution of phenylephrine to 10 cc. of 2 per cent procaine give ex- 
cellent results. This solution may be boiled. 

Preparation 

Phenylephrine Hydrochloride, N.N.R. Dosage : See N.N.R. 

Kephrine 

Kephrine closely resembles epinephrine pharmacologically, but its 
actions are less potent and more persistent, and its solutions are more 
stable. Local effects require about ten times, and systemic pressor 
action sixty times, the dosage of epinephrine. It is used chiefly as 
a local hemostatic. The vasocon,striction lasts over an hour. It is 
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inactive by mouth. Kephrine is injected hypodermically for asthma 
(2 cc. of 0.5 per cent solution). It has no special advantage over 
epinephrine. 

Paredxine 

Paredrine is a sympathomimetic amine. It is more stable than 
epinephrine and is quite free from actions on the central nervous sys- 
tem. It shows promise of being a valuable mydriatic agent and also a 
vasopressof agent. Its actions on the bronchi and gastrointestinal tract 
are not sufficiently great to be of clinical use. 

As a mydriatic agent it is useful. A 1 per cent solution produces 
complete dilatation of the pupil within forty-five minutes and the effect 
lasts two hours. There is little action on accommodation and no sig- 
nificant change in intra-ocular pressure. Paredrine is an active pressor 
agent during spinal anesthesia. Good pressor affect may be obtained 
with 10 or 20 mg. intramuscularly, 5 to 10 mg. intravenously, or both. 
Toxic reactions are rare. 

Propadrine Hydrochloride 

Propadrine hydrochloride is the monohydrochloride of a base resem- 
bling ephedrine (laevo-a-hydrozy-/3-methyl-amino-propyl-benzene hydro- 
chloride) but differs in that the methyl group on the amino group is re- 
placed by a hydrogen atom. 

Action and Uses . — ^Propadrine hydrochloride acts similarly to ephed- 
rine. A 1 per cent aqueous solution or 0.66 per cent jelly is recom 
mended to produce constriction of capillaries and shrinking of swollen 
mucous membranes. It is claimed that its action is somewhat more 
prolonged than that of ephedrine and that the anxiety complex, so com-^ 
men with the use of ephedrine, is less apparent. 

The drug may also be administered orally, three-eighths grain capsule 
every two to four hours, as indicated. Although no toxic manifesta- 
tions are on record, continued overdosage should be avoided as with 
other similar drugs of this group. 

Preparation 

Tropadrine Hydrochloride, N.N.R. Dosage: See N.N.R. 

Naphasoline (Privine) 

Naphazoline hydrochloride is a vasoconstrictor, which, when ap- 
plied to nasal mucous membranes, causes a prolonged reduction of 
local swelling and congestion. The site of action is probably the 
peripheral sympathetic nerve endings. No information is available 
in regards to its effect on blood pressure following local application. 

It is recommended for symptomatic relief of disorders of the up- 
per respiratory tract such as rhinitis, rhinosinusitis, and nasal con- 
gestions of allergic and inflammatory origin. 

Dosage: Several drops of 0.05 to 0.1 per cent solution for adults. 
For children use 0.05 per cent solution. 

Preparation 

Naphazoline Hydrochloride, N.N.R. 

Tuamine 

'Tuamine, N.N.B., produces effective vasoconstrictive action upon 
inhalation of the vapors. This procedure provides an effective method 
of treatment of acute rhinologic conditions and has added usefulness 
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when prolonged medication is indicated. It should be used with 
caution in persons who have cardiovascular disease. It is available 
in an inhaler devise. # 

Tuamine sulfate in a 0.5 ])or cent solution produces a vaso- 
constrictive action equivalent to a similar concentration of epineph- 
rine. The duration of the effect is longer than ephedrine. A 1 per 
cent solution may be applied to mucous membranes. A 2 per cent 
solution may be used on operative procedures. 

Vonedrine 

Vonedrine, N.N.R., base is volatile and therefore effective by in- 
halation^ serving as a nasal vasoconstrictor. It is reported to produce 
little irritation, tissue reactions, or central nervous system and 
cardiovascular stimulation. It is available in an inhaler. 

Tyramine 

Tyramine, para-hydroxyphenylethylamine, is closely related to epineph- 
rine in structure and produces very similar sympathomimetic stimula- 
tion. Tyramine may be produced from the amino-acid tyrosine by the 
removal of the carboxyl group. This may occur in the presence of 
putrefactive organisms. Tyramine also occurs in ergot preparations. 
The drug was first identified in putrefying fiesh. 

CeH,OHCH3CH(COOH)NH, = CeH,OHCH,CH,NH, + CO* 
Tyrosine Tyramine 

Action and Uses , — The action of tyramine is similar to that ol 
epinephrine, but its action is weaker and niore prolonged, probably 
due to an action on the muscle also. Tyramine does not, however, ap- 
pear to exert the characteristic local vasoconstrictor effect on mu- 
cous membranes when applied locally as does epinephrine. Intra- 
venous injections produce a rise in blood pressure lasting two to 
three minutes. It is fairly effective in arresting superficial hem- 
orrhage. It is not reliable as a substitute for ergot in labor or 
postpartum hemorrhage. It has been suggested as a therapeutic 
agent to raise the blood pressure in collapse, to stimulate the uterus dur- 
ing labor, and to guard against respiratory depression by morphine. 

SYMPATHOLYTIC DRUGS 

The sympatholytic or orthosynipatholytic drugs are agents whose 
effects on the body resemble the effects of cutting the sympathetic 
nerve supply to various organs. Such drugs, generally, would be an- 
tagonistic to epinephrine, would slow the heart, lower blood pressure 
by vasodilation, increase gastrointestinal muscle tone, etc., by antag- 
onizing the sympathetic nervous mechanisms. 

Several drugs, such as ergotoxine, ergotamine, yohimbine, and cer- 
tain dioxane derivatives, imidazoline derivatives, and dibenzamine hydro- 
chloride, have depressant action on the sympathetic nervous system. 
Unfortunately, they arc too toxic for routine clinical use. 

Ergotoxine and Ergotamine 

Ergotoxine (O^H^iNgO,) and ergotamine are alcohol- 

soluble alkaloid found in ergot. Ergotoxine, an amorphous alkaloid^ is 
rather unstable and by loss of water changes to the crystalline alkaloid 
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ergotinine, C|»H^N,0,. Ergotamine, a crystalline alkaloid, is the leyo* 
rotatory isomer of ergotaminine which is also crystalline, but less active 
than ergotamine. 

Phaxxnacological Action . — Sympathetic Nervous System . — These drugs 
are sympathetic nervous depressants. They inhibit the action of 
epinephrine on the tissues in a selective manner. Ergotoxine depresses 
only the augmentor functions of the peripheral sympathetic mechamsm, 
while ergotamine paralyzes both the augmentor and inhibitor functions. 

A therapeutic dose of ergotamine (0.5 mg.), administered sub- 
cutaneously, produces no reversal of the epinephrine rise in blood pres- 
sure, but produces a slight inhibition in the elevation of the metabolic 
rate and in the production of blood sugar, as produced by epinephrine. 

Smooth Muscle . — Both drugs produce complex stimulant effects on 
smooth muscle, and are particularly active in producing uterine con- 
traction and contraction of arterioles. The stimulant action on the 
smooth muscle of arterioles produces a rise in blood pressure. The stimu- 
lant action on the puerperal uterus occurs only when these drugs are 
given by intramuscular injection and in optimal dose (0.5 mg.). The 
response appears in fifteen to forty-five minutes and is of varying in- 
tensity. The uterine effects are unreliable following oral administra- 
tion, while ergot preparations are quite reliable when given by mouth. 

Action in Migraine . — The mode of action in migraine is in doubt. It 
may act directly on smooth muscle of the arterioles, or by paralysis 
of the cells, or by some other method or combination of methods. The 
dose effective in migraine would hardly be sufficient to paralyze sympa- 
thetic nerve endings, and there is a question whether constriction of 
blood vessels will relieve headache. 

Toxicology. — Since those drugs have a marked cumulative action, 
they must be used with caution. Cases of gangrene have followed 
the administration of 10 mg., which is about twice the therapeutic 
dose. Common toxic symptoms are nausea and vomiting which may 
follow the administration of the drugs. Atropine sulfate (0.5 mg.) 
by injection is the antidote. Other symptoms are muscle pains, throat 
constriction, and numbness and tingling of the lingers and toes. 
Muscle pains may be relieved by the intravenous administration of 
calcium gluconate. Cardiac and peripheral vascular diseases contra- 
indicate the use of ergotamine. 

Therapeutic Uses . — Migraine Headache . — Ergotamine tartrate is indi- 
cated for the treatment of migraine headache. Dosage : 0.25 mg. or 
grain subcutaneously, to be followed in 2 or 3 hours by 0.5 mg. or 
gp’ain. The oral dose of 1 mg. or %o grain in tablet form is not so ef- 
fective as the subcutaneous dose of the drug. Parenteral injections are 
effective in approximately 90 per cent of ca.ses and oral administration 
in from 40 to 70 per cent. The frequency of the headaches is not af- 
fected, nor is a cure effected. The drug is more effective if given early 
in the attack. Belief occurs in from fifteen minutes to two hours. No 
tolerance to the drug is shown. 

As Oxytocic. — Ergotamine, like ergotoxine, when given by intramus- 
cular injection and in an optimal dose of at least 0.5 mg. produces the 
desired effect in accelerating delivery. Ergotamine tartrate is also 
indicated in hemorrhage following abortion, after curettage, and in post- 
partum endometritis. 

Shock. — Ergotoxine ethanesulfonate has practically the same pharmaco- 
logical actions as ergotamine tartrate. The intramuscular injection of 
Ho indicated in shock and also as an antidote for scorpion 

toxin. 
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Preparations 

Ergotamine Tartrate, Ergotaminae Tartras, U.9.P. Dosage: 0.6 mg. 

(Viao grain). 

Ergotamine Tartrate Tablets, Tahellae Ergotaminae Tartratis, U.S.P. 

Usual sizes contain 0.5 mg. and 1 mg. 

Yohimbine 

Yohimbine is an alkaloid isolated from the bark of the Yohimbe 
tree. It possesses local anesthetic action like cocaine but is more last* 
ing. Mydriasis occurs . without loss of accommodation. The systemic 
effects vary with the dose and mode of administration. Large doses 
intravenously reverse epinephrine and dilate the renal vessels. It does 
not interfere with the pressor response to electric sympathetic stimula- 
tion, or of nicotine or acetylcholine in atropinized animals. It dimin- 
ishes other epinephrine effects (Hutchinson, 1942). 

When given by mouth or hypodermically in moderate doses, it pro- 
duces general vasodilation in the skin, mucous membranes, and par- 
ticularly the sexual organs. In consequence of the latter, and perhaps 
by a direct action on spinal centers, it produces erection. It does not 
seem to stimulate the production of spermatozoa or sexual desire. The 
reports of clinical improvement by its use are probably explainable by 
suggestion. The therapeutic dose for man is given as 5 mg. or ^2 graiii- 

Toxicology. — Large doses produce psychic excitement, cerebral con- 
gestion, vertigo, and gastric disturbance. Toxic doses produce general 
stimulation and, later, paralysis of the nervous centers with death, 
finally, by respiratory paralysis. 


Dioxane Derivatives 


E. Fourneau ha.s synthesized a series of dioxanes of the general 
formula 



Among the most extensively studied are: 

F 93.3 (piperidomethyl-3-benzodioxane). This substance appears 
to be adrenolytic but not sympathetic. It is of little clinical value 
due to side reactions. 

F 883 (diethylaminomethyl-3-benzodioxane) is thought to be both 
adrenolytic and sympathetic. Due to side reactions it has little value 
clinically. 

Recent studies on dibenzyl-b-chlorethylamine (dibenzamine hydro- 
chloride) and its derivatives indicate that some members of this 
group may prove to be clinically useful adrenolytic and sympatholytic 
agents. 

The sympatholytic properties of numerous imidazoline derivatives 
have been studied. Two of these 2-benzyl-4, Simidazoline (priscol) 
and N,N*dibenzyl-]8-chlorcthylamine (dibenzamine) arc reported to 
give promising clinical results. 
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DRUGS AOTING OK THE SYMPATHETIO GANGLIA AND 
PARASYMPATHETIC GANGLIA 

Drugs which act on the sympathetic and parasympathetic ganglia 
include nicotine^ lobeline^ coniine and gelsemine. Tetraethylam- 
monium chloride blocks transmission of nervous impulses across au- 
tonomic ganglia. 

Nicotine Group 

Nicotine, the chief alkaloid of tobacco (Nicotiana tahacum), 

occurs in tobacco leaves in amounts from 1 to 7 per cent. The alkaloid is 
a colorless and almost odorless liquid, which turns brown and acquires 
the characteristic odor of tobacco on exposure to air. It is soluble in 
water, alcohol, and ether. Nicotine has no therapeutic value, but is of 
interest toxicologically because of the large quantities of tobacco used 
in the United States. 
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Phaimacologlcal Action. — The chief actions of nicotine are light 
stimulation, followed by paralysis of (1) autonomic ganglia (sympa- 
thetic and parasympathetic), and (2) the central nervous system. 
This drug has a characteristic curare action on skeletal muscle. 

Nicotine is readily absorbed from the oral and gastrointestinal mucosa 
and from the respiratory tract. Sufficient absorption may take place 
from the skin to produce severe poisoning. The drug is detoxified mainly 
by the liver, and the remainder is excreted, chiefly in the urine. Ex- 
cretion is fairly slow; it requires three to four days for the drug to 
disappear from urine after the individual has ceased smoking. 

Action on Ganglia , — ^Nicotine first stimulates, then paralyzes, all 
autonomic ganglia. It has no action on the posterior root ganglia and, 
no doubt, no action on any other sensory ganglion. For example, if 
nicotine is painted upon a spinal root ganglion (in which are situated 
nerve cells but no synapses) it does not affect conduction along the 
posterior root fibers. 

According to Langley the paralytic effects of nicotine are exerted 
on the ganglia, for the action of the postganglionic fibers remains ef- 
fective. 

Action on Central Nervous System , — There is stimulation, followed by 
depression, of the entire cerebrospinal axis. The stimulative effect may 
be absent in large doses. The spinal cord is thrown in a condition of 
exaggerated irritability by stimidation of the motor cells, which often 
resiSits in convulsions* The convulsions seem to be due to action on 
the medulla oblongata and hindbrain^ as the convulsions are of a clonic 
type, and are much weaker after division of the cord just below the 
m^ulla than in the intact animal. Medullary stimulation is indicated 
by a slow heart rate and deepened respiration. Respiration is first 
increased, and then depressed, chiefly through the cardio-aortic 
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and sino-carotid reflex. Large doses cause depression and paralysis 
of the respiratory center. Salivation and vomiting, according to Eg- 
gleston and Hatcher, are probably due to medullary stimulation, but 
may be, in part, due to the powerful contractions of the stomach and 
intestinal walls. Large doses may cause obliteration of the lumen. The 
action is stopped by atropine which paralyzes the postganglionic termina- 
tions. 

Action on Circulation, — After moderate doses the heart becomes slow 
and may stand still in diastole for a few seconds; it then resumes its 
former action, possibly slightly accelerated, due to paralysis of the 
ganglia. The slow pulse is due to stimulation of the vagus ganglia. 
This action is prevented by atropine, which paralyzes the terminations 
of the postganglionic fibers, and thus blocks the passage of impulses 
from the ganglia to the muscle. The action is also prevented by curare 
and coniine which paralyze the ganglia. 

The period of stimulation of the ganglia is short and is soon followed 
by paralysis, so that on stimulating the vagus, after nicotine, there is 
no slowing of the heart, ,but acceleration, because the accelerating fibers 
have no ganglia in the heart muscle and are therefore unaffected by 
nicotine. 

There is usually an increase in blood pressure due to peripheral vaso- 
constriction (Pilcher and Sollmann), and due also to stimulation of 
the ganglia (Hoskins and Ransom). There may be a secondary fall 
of pressure due to paralysis of the ganglia (Lee, 1908). 

The coronary vessels are constricted, producing a decreased coronary 
circulation, notwithstanding the raised blood pressure. The renal and 
pulmonary vessels are constricted. 

Greene summarizes the action of nicotine on circulation in Table 
XVII. 

Table XVII 


ACTION ON; 

1 DOSE 

WEAK 

MEDIUM 

TOXIC 

Blood pressure 

Rise 

Rise 

Fall 

Heart rate 

Slow 

Rapid 

Slow and falling 

Heart amplitude 

Increased 

Greater 

Less 

Vagus control 

Strongly in- 

Decreased and 



creased 

lost 


Accelerator con- 

Increased 

Increased 

Decreased and 

trol 



lost 

Vasomotor 8 

Increased 

Decreased 

Lost 


Action on Pupil, — In man, nicotine poisoning causes contraction of 
the pupil, followed by dilatation. This effect on the eye is due to its 
action on the autonomic ganglion, and the result will be the sum of its 
effects on the ciliary (parasympathetic) and the cervical (sympathetic) 
ganglia, which are usually first stimulated and later paralyzed. 

Action on Smooth Muscle, — ^Nicotine causes pronounced stimulation 
of the gastrointestinal tract, resulting in repeated evacuations. Large 
doses may obliterate the lumen. This action seems to be on the Auer- 
bach plexus, as it is abolished by section of sll nerves and also by 
atropine which paralyzes the postganglionic terminations. 

Action on Secretions, — The secretions of glands are increased tempo- 
rarily by nicotine, then depressed. Large doses diminish the activity 
immediately. The site of action is the ganglia of the secretory nerves. 
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Pilocarpine and muscarine cause profuse salivation after nicotine be- 
cause they stimulate the postganglionic terminations in the gland 
cells ; a central connection is immaterial. 

Curare Action on Skeletal Muscle. — ^Nicotine has a curare effect, es- 
pecially in large doses. Small doses cause fibrillary twitching in muscles 
in which the nerve ends have degenerated from section. 

Toxicology. — Numerous cases of poisoning have followed the use of 
tobacco in the form of a poultice applied to local swelling or to stop 
bleeding, or as an enema. Nicotine is one of the most fatal and rapid 
of poisons. Two drops may kill a dog in one to two minutes. The 
fatal dose for man is about 60 mg. Heath usually occurs in thirty to 
sixty minutes. 

Industrial Nicotine Poisoning. — Nicotine solutions and sprays, used 
in tanning, as insecticides, etc., have produced poisoning both through 
inhalation and skin absorption. The symptoms which appear rapidly 
are vomiting, prostration, stupefaction, cyanosis, tingling and numb- 
ness. 

The Tobacco Habit 

The physician’s interest in the tobacco habit is obvious when one 
becomes cognizant of the following facts: In 1946, the United States 
manufactured 5,836,344,052 cigars, over 311 billion cigarettes, 211 
million pounds of pipe and chewing tobacco, and 39 million pounds of 
snuff. The cigarettes numbered about 3,300 for every person over 
fourteen years of age. The consumption of cigarettes has increased 
from approximately 10 billion cigarettes annually around 1910 to 
approximately 350 billion annually since 1946. (J. A. M. A. 138: 653, 

Oct. 30, 1948.) 

Tobacco Smoke 

Tobacco smoke is a variable complex substance, some of the con- 
stituents produce irritant effects, others initiate marked systemic 
actions. Those substances producing local irritant action include 
pyridine bases, formaldehyde and formic acid. Tar and resins found 
in tobacco smoke are carcinogenic. The most important substances 
that produce systemic actions are nicotine, carbon monoxide, arsenic, 
and hydrogen cyanide. 

Carbon Monoxide. — The carbon monoxide in tobacco smoke is to be 
reckoned with. All smoke contains carbon monoxide and a room 
filled with tobacco smoke is a potential source of poisoning. The 
drowsiness and headache often, complained of after spending an hour 
or two in a room blue with smoke attests to this fact. 

Barach and his co-workers, reporting in the American Journal of 
Medical Science (1941), found that aviators who smoke require more 
oxygen at a lower altitude than nonsmokers. Cigarette smoke yields 
1 per cent carbon monoxide, pipe smoke 2 per cent, and cigar smoke 
6 to 8 per cent. Investigators have observed that of 156 oflicers em- 
ployed in the Holland Tunnel, where the carbon monoxide concentration 
averaged 70 parts per million of air, smokers averaged 4.1 per cent to 
5.35 per cent blood saturation, while nonsmokers showed only 1,71 per 
cent. 

Arsenic. — All American tobacco contains varying quantities of ar- 
senic because our planters use lead arsenate to kill hornworm para- 
sites. The quantity of arsenic varies, but in the majority of the 
tobaccos there is fifty times as much arsenic as is allowed in foods by 
the Pure Food and Drug Laws. 

In a report published in the Journal of the American Medical Asso- 
ciation (1940) Barksdale found that nine brands of cigarettes average 
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0.0426 to 0.0495 mg. of arsenic per cigarette, two brands of cigars 0.08 
to 0.088 mg., respectively; snuff 2.6 mg. per 100 grams, chewing to- 
bacco 1.6 mg. per 100 grams, and smoking tobacco 4 mg. per 100 grams. 
Tobacco which was untreated by lead arsenate contained no arsenic. 

Some cigarette filters claim to remove as much as 70 per cent of the 
nicotine. The laboratory of the American Medical Association confirms 
the filtering efficiency but goes on to say that the capacity to filter out 
nicotine is soon lost with use. They also add that the 2 per cent ad- 
ditional combustion afforded by the device partially offsets any filtering 
advantage. It is interesting to know that cigarette holders favor more 
complete combustion and thus tend to increase the amount of toxic sub- 
stances absorbed. 

According to the Journal of the American Medical Association, if you 
inhale the cigarette smoke, 88 per cent of the nicotine in every cigarette 
stays inhaled and lodges in your mouth or air passages. Persons who 
do not inhale, but just puff at cigarettes to be sociable, retain 67 per 
cent of the nicotine. It concluded that thirty inhaled cigarettes might 
yield the same amount of nicotine absorption as six cigars smoked 
without inhaling. 


Nicotine Content of Tobacco 

The nicotine content of tobacco varies with variety and the manner 
of curing the leaves. Havana tobacco contains approximately 1.5 per 
cent nicotine, Virginia tobacco, 6.0 per cent, and Kentucky tobacco, 
8.0 per cent. In an average of twenty medium-priced American 
cigarettes there were 23.85 mg. of nicotine per cigarette, and 11.91 
mg. were left in the stub after smoking, according to the studies 
made by I. H. Pierce and reported in the Journal of Laboratory and 
Clinical Medicine (1941). 

There is no relation between the so-called '^strength'' of tobacco 
and its nicotine content. Aromatic substances formed during the 
drying process accounts primarily for the strength. The so-called 
* ^ denicotinized’ ^ tobaccos contain about 1.10 per cent nicotine. 

The Effects of Tobacco 

The effects of tobacco upon the body may be best divided into acute 
and chronic intoxication. The latter is of greater interest and im- 
portance. 

Acute Intoxication 

This form of poisoning is seen in beginners who use tobacco, in per- 
sons using excessive quantities, and in individuals poisoned by swallow- 
ing tobacco or insecticides containing nicotine. The symptoms observed 
in those just beginning to smoke, or in very mild cases of poisoning, 
are usually faintness, dizziness, clammy skin, rapid pulse, weakness, 
faintness, diarrhea, and sometimes nausea and vomiting. The blood 
pressure rises from 25 to 30 mm. Hg or more above the normal pressure. 

The onset of symptoms of severe, acute nicotine poisoning, i.e., swal- 
lowing insecticides containing nicotine, is rapid, and death may occur 
within a few minutes. Nausea and salivation quickly appear and are 
followed by severe abdominal pain and vomiting. Headache, dizziness, 
and mental confusion are experienced. The blood pressure may rise 
and later fall. At first the pupils are constricted, then they become 
dilated. Collapse may soon follow, with terminal convulsions. Death 
results from respiratory failure due to paralysis of the muscles of res- 
piration. The usual fatal dose for man is about 60 mg., although 4 
mg., or less, may produce alarming symptoms. 
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Chronic Intoxication 

Chronic intoxication usually results from long<continued use of to- 
bacco. The effects are many, and addiction comes eventually with long 
use. Of great interest and significance is the effect of tobacco in non- 
toxic quantities over long periods of time. On this subject there is 
much difference of opinion. 

The heart and circulatory system are subject to considerable damage 
by tobacco. All observers agree that changes in blood pressure follows 
smoking, but there is some disagreement as to what part of the cigarette 
is responsible. Some blame the paper, some name other ingredients. 
Dr. Roth and co-workers at the Mayo Institute undertook a series of 
studies to establish the true cause of the elevation of blood pressure as- 
sociated with smoking. After performing very carefully controlled 
experiments on human beings they concluded the following report found 
in the Journal of the American Medical Association, 

^‘The vascular constriction persisted from half an hour to an 
hour, in some cases much longer.'' They further concluded: 

These observations make us conclude that the smoking of 
cigarettes should be avoided in the presence of peripheral vascular 
disease. ' ' 

Numerous investigations on the effect of nicotine on the circulation in 
man have shown that it increases the systolic blood pressure 10 to 25 
mm. of mercury and the diastolic blood pressure 7 to 25 mm. of mer- 
cury. Herrell and Cusick reported that smoking elevated the average 
systolic pressure 39.7 mm. Hg and the diastolic blood pressure 28.1 mm. 
Hg in a series of patients with hyperactive blood pressure. The heart 
rate was increased 10 to 13 beats per minute by smoking. A prompt fall 
in surface temperature of the extremities followed the smoking of two 
cigarettes, and a marked vasoconstriction occurred. In patients with 
hyperreactive blood pressure smoking produced an average decrease 
of 22 per cent in the caliber of the retinal vessels. Numerous in- 
vestigators have reported that the smoking of two cigarettes has preci- 
pitated an attack of angina pectoris. 

It is difficult to measure the effect of nicotine on the coronary blood 
flow in man, but investigations have shown that on dogs the blood flow 
in the coronary arteries is decreased. Glendy and White (1937) com- 
pared the smoking habit of one hundred patients under forty years of 
age, who had coronary disease, with those of patients above eighty years 
of age and without coronary disease. Fifty-five per cent of the older 
group smoked as compared to 93.3 per cent of the younger group. Only 
4.2 per cent of the older group were heavy users of tobacco, compared 
with 58 per cent of the younger group. 

The heart and "blood vessels are gradually and slowly damaged by 
continued smoking. Naturally, the long-continued vasoconstriction and 
the presence of carbon monoxide produce a general lack of oxygen to 
various tissues and organs. Coronary heart disease seems ever on the 
increase in the habitual smoker. This is explained by the repeated 
and intermittent periods of tachycardia and hypertension that are pro- 
duced by the nicotine, which overworks the heart. Tice reports 
four persons with angina pectoris who were relieved on the stopping of 
tobacco, then upon resumption of smoking died within the hour. Much 
evidence supports the view that tobacco is the cause of thromboangitis 
obliterans, a condition characterized by obliteration of arteries of the 
extremities by thrombi resulting in gangrene. 

Temperature Changes, — ^Drs. Wright and Moffat of New York re- 
ported that smoking one cigarette causes a marked drop in temperature 
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of the fingers and toes. The average drop in a hundred cases was 5.33 
degrees Fahrenheit and the greatest drop was 15.5 degrees. They also 
observed that almost identical effects are produced by various brands 
of cigarettes^ by denicotinizdd (1.05 nicotine) and by mentholated 
cigarettes. 

With the decrease in temperature there is also a slowing of circula- 
tion. This fall in temperature of the fingers and toes, following smok- 
ing, is probably due to the same physiological mechanism that is re- 
sponsible for the relationship between smoking and Berger disease. 
In Berger’s disease gangrene of a limb occurs as a result of blood 
vessel spasm and consequently a thrombus formation which blocks 
circulation. In a large number of patients it was found that 80 per 
cent were sensitive to tobacco, as compared to 36 per cent of smokers 
without Berger’s disease, and 15 per cent of nonsmokers. Patients 
with this disease naturally should not use tobacco. 

Alimentary tract damage is quite noticeable in chronic smoking. Ir- 
ritant substances from the smoke and the heat tend occasionally to 
cause cancer of the lips and buccal cavity. Inflammation of the pharynx 
passing gradually into the atropic form may occur. Smokers com- 
monly suffer from a chronic inflammation of the stomach mucosa result- 
ing in dyspepsia and probably ulcer. Acid increase is greater in chronic 
smokers than nonsmokers. 

Smoking vs. Mespiratory Tract Diseases. — Tobacco smoking causes 
much harm by producing a protracted inflammatory process from the 
nose and throat to the small alveoli of the lungs. The most common 
complaints are chronic rhinitis, laryngitis, and bronchitis. 

Pulmonary complications are definitely on the increase in smokers. A 
mortality rate of smokers taking more than ten cigarettes or one-half 
ounce of tobacco a day is about six times that for nonsmokers. 

Cancer of the lungs is appearing with increasing frequency. Dr. 
Alton Ochsner of New Orleans, regional director of the American Cancer 
Society, declared at a recent (1946) medical meeting at Birmingham 
that men victims outnumber women by five to one, and added that the 
chain smoker is susceptible to the disease. 

Morning cough is perhaps the most familiar symptom of chronic 
smokers. Dr. Charles S. Hollis commented in the journal entitled 
Diseases of the Chest (1940) that smoking has become so universal and 
the so-called ^‘tobacco cough” so common that physicians have never 
generally accepted it as a pathologic entity. wonder,” Hollis says, 
”how many millions of cases of permanent physical or mental changes 
could be tabulated if we were all tobacco conscious to the degree of 
recognition of this situation when we see it. ’ ’ 

The nervous system is affected by long-continued use of tobacco, mani- 
fested by such symptoms as neurasUienia, fatigue, exhaustion, insomnia, 
and tremor. Amblyopia is an indisputable toxic effect of tobacco. This 
condition is caused by the chronic spasm of the retinal arteries and 
results in failing vision and day or night blindness. Complete optic 
atrophy may occur. Nerve type deafness and ringing in the ears may 
be present. The most outstanding symptoms are loss of memory, dull- 
ness of perception, and slowing of the thinking processes. 

The genitourinary system is also affected by smoking. There is a 
mild diuresis resulting from the increase in blood pressure. Later, 
bladder spasms result in frequency. Heavy exposure to tobacco may 
cause ^‘tobacco glycosuria.” The use of tobacco may initiate and in- 
crease uterine contraction even to the extent of causing miscarriage. 
The fetal heat rate is affected by maternal smoking, and 0.03 mg. of 
nicotine has been found per liter of mother’s milk on a schedule of 
fifteen cigarettes per day. 
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Life Span and Smoking 

Dr, Kaymond Pearl of Johns Hopkins Hospital observed the effect 
of smoking by study of several thousand noiismokers, moderate smokers, 
and heavy smokers. He concluded that, up to the age of forty-five twice 
as many heavy smokers died as nonsmokers; from forty-five to seventy 
years the difference was marked but not so great; if the smoker lived 
until seventy, after that the difference was not great. As one author 
put it; ‘‘He was probably a tough old bird and could take it. 

Effect of Tobacco in Frefjnancy. — These two facts are indisputable: 

1. Nicotine is one of the few substances that passes through the 
placenta to the fetus. 

2. Nicotine passes to the infant by means of its mother ^s milk. 

In view of the virulence of the poison, damage both to the newborn 
and to the nursing child is inevitable when ho is nicotinized before and 
after birth. 

Thousands of experiments have been made upon the progeny of the 
lower animals, and all record the same result. In 1937, L. A. Pechstein 
and W. K. Reynolds tested the effects of tobacco on four generations of 
white rats. Four facts were revealed : 

1. The size of the litter was reduced in all generations. In fourth 
generations the average litter numbered 3.4 instead of the normal 8.5. 

2. Many of the young were stunted. 

3. Each succeeding generation of smoked-fumed rats became less 
adept in finding their way out of a maze (a mechanical devise to test 
the mentality of the rat). 

4. The prenatal and postnatal mortality rates were increased from 
generation to generation, until only 67.6 per cent of those born in the 
fourth generation survived. The human mother who smokes absorbs 
much more nicotine into her system than these rat mothers did. 

The tobacco habit is one of the strongest of drug habits, for even 
moderate smokers usually find great difficulty in breaking the habit, 
and if they suddenly stop smoking they may experience various physical 
reactions. * 

Analysis of hundreds of cases has convinced Gray that tobacco-smoking 
is an etiologic factor in gastric upset. Individual sensitivity, rather than 
the amount consumed, appears to be the determining factor as regards 
the symptoms. The therapeutic test for hypersensitivity to tobacco may 
be of great value in the treatment of many conditions attributable to the 
use of tobacco. 

Treatments — The symptoms caused by overindulgence in the use of 
tobacco usually disappear if the use of the drug is stopped. Quick 
withdrawals do not lead to abstinence symptoms, as with morphine. 
Some bowel disturbance may occur, and in patients with neurotic 
tendencies, nervous symptoms may appear. 

Lobeline sulfate in doses of 0.008 gram (% grain) orally is not suit- 
able for general use as a “cure'' for the tobacco habit, according to 
Wright and Littauer (1937). 

Lobelia and Lobeline 

Lobelia consists of the dried leaves and tops of Lobelia inflata or 
Indian tobacco, a weed indigenous in the United States. The chief con- 
stituent is the alkaloid lol^line with actions closely resembling those 
of nicotine. A brand of this alkaloid, ** alpha lobeline,* * has been 
recommended for emergency respiratory stimulation, but safe doses are 
not reliable and effective doses are not safe. Clinically, the stimula- 
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tion is transient^ and is often associated with nausea and vomiting, 
sometimes with severe collapse and Cheyne-Stokes respiration. 

At present lobelia or its alkaloid is rarely prescribed. The drug is 
contraindicated as a respiratory stimulant and is worthless as a ^*cure'* 
for the tobacco habit. 

Coniuxn 

This drug was formerly used as a sedative and antispasmodic in 
chorea, mania, convulsions, whooping cough, and asthma; and locally 
in hemorrhoids and anal lesions. Its peripheral actions are similar 
to those of nicotine, but it produces more pronounced paralysis of the 
central nervous system and of the skeletal muscle nerve endings. 
Treat poisoning as for nicotine toxicity. 

Gelsemium 

Gelsemium is the root of yellow jasmine. It acts similarly to nico- 
tine and coniine. Its central depressant action is relatively more 
marked. It contains a crystalline alkaloid gelsemine. Gelsemium hap 
been employed in neuralgic conditions, especially trigeminal neuralgia, 
nervous headaches, hysteria, and similar conditions. The efficacy for 
the use of this drug is uncertain. Poisoning is characterized by symp- 
toms similar to those of coniine and nicotine. Treat as for nicotine 
poisoning. 

Tetraethylammonium Chloride 

Tetraethylammonium chloride is a quaternary ammonium compound 
which blocks the transmission of nervous impulses across autonomic 
ganglion. Acheson and Moe (1946) first demonstrated this ganglion 
site of action in dogs and cats. They demonstrated that when the com- 
pound is injected intraveiiously, it provi<les a prompt fall in arterial 
pressure in animals in which the pressure is elevated from increasing 
of sympathetic tone by barbiturate anesthesia. 

Decrease in blood pressure caused by tetraethylammonium chloride is 
rather transient in man. The fall of blood pressure is believed to be 
due to an increased flow of blood from the arteries because of the 
diminution in arteriolar constriction controlled by the sympathetic 
nervous system. In hypertensive patients Lyons et al. (1948) observed 
a fall of pressure of from 10 to 16 per cent in a large number of pa- 
tients. They concluded that this agent has no place in daily manage- 
ment of hypertensive patients. Hypertensive headaches were often re- 
lieved by the drug. In general, 300 to 500 mg. (6 to 10 mg. per kilo- 
gram of body weight) were injected intravenously. The oral admin- 
istration is not satisfactory because of poor absorption in the gastro- 
intestinal tract. 

Tetraethylammonium chloride and similar drugs may have a limited 
usefulness in the evaluation of vasomotor tone and in the symptomatic 
relief of hypertensive headaches. It is, however, a useful agent in the 
study of various manifestations of the autonomic nervous system. 
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CHAPTER XIV 


DRUGS ACTING ON THE PERIPHERAL NERVOUS 

SYSTEM 

HI. CEREBROSPINAL NERVOUS SYSTEM 

The <lrugs acting on the motor nerves of the cerebrospinal nervous 
system include suck drugs as curare, aconite, and others. They are 
of little clinical importance with the exception of curare. The latter 
is a useful adjunct to the general anesthetics and is discussed with 
them. 

The drugs acting on the sensory division of the cerebrospinal nervous 
system include the local anesthetics or those drugs used in regional 
anesthesia. 

REGIONAL ANESTHESIA 

The use of regional anesthesia, or anesthesia that is confined to a 
limited area, has increased greatly in the past score of years. 

Historical. — The first introduction of regional anesthesia may be as- 
cribed to Karl Koller in 1884, a Vienna oculist, who accidentally 
dropped cocaine in his eye and noted the anesthetic effect. In six 
weeks cocaine was used in America in many cases requiring local 
anesthesia. In 1884 Halsted (Johns Hopkins) introduced nerve 
blocking in practical dentistry. Spinal anesthesia was first used by 
Corning in 1885, and also by August Bier in 1900. 

Next in importance was Einhorn's demonstration that esters of 
aminobenzoic acid have local anesthetic action. His synthesis of 
novocain (1905) introduced the modern era of local anesthesia. 

The third important contribution to regional anesthesia was made by 
H. Brown (1903), who demonstrated that epinephrine prolongs local 
anesthesia. The fourth notable contribution was made by Tatum, 
who presented experimental proof that the preliminary administration 
of a soporific drug diminished the toxicity of the principal anesthetic. 

Methods for Producing Begional (Local) Anesthesia: 

1. Freezing. 

2. Pressure on the nerve trunks and pressure ischemia. 

3. Administration of local anesthetic agents. This is usually accom- 
plished by: 

a. Surface application. 

b. Injection anesthesia. 

Injections into or around the nerve trunks. 

1. LocAi. Anesthesia by Freezing. — Extreme cold applied locally 
tends to produce a loss of sensation of the part. 

Freezing may be artificially brought about by the use of ethyl chloride 
or by rapid evaporation of ether. With etliyl chloride the evaporation is 
so rapid that the surface temperature is brought below the freezing point 
and the area becomes frozen. This freezing acts as a terminal local 
anesthetic and freezing is indicated by the blanching of the area. 
This is a convenient method of producing anesthesia for a few seconds 
only. Prolonged freezing kills the tissues. 
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More recently (Allen, 1946), refrigeration anesthesia was introduced 
nn<l used for surgery of the extremities. The limb is rapidly cooled 
from tl 1<) C. by application of cold. There is a minimum loss of 
blood and little shock. At this^ temperature, the activity of the tissues 
is at a mininuim and the spread of infection is halted. 

2, Local Anesthesia by Pressure. — Pressure on the nerve trunks 
produces a loss of sensation. A pressure exerted on a superficial nerve 
may cause local anesthesia, e.g., musculospinal paralysis occurring 
when an unanesthetized patient arm is allow^ed to hang over the 
edge of the talde. 

Interference with circulation will cause local anesthesia in the part 
affected. A certain degree of local anesthesia may be obtained by 
the employment of an Esmarch bandage. When this bandage is ap- 
plied by winding about a limb, beginning with the distal end, the 
limb becomes bloodless or ischemic and is rendered anesthetic to a cer- 
tain degree. 

3. By Administration of Locai. Anesthetic Agents. — a. Surface 
application of local anesthetics to mucous membranes, such as those of 
the nose and throat; for example, solutions of cocaine in strengths of 
0.5 to 1 per cent may be applied topically. 

Surface anesthesia may also be produced by direct applications of 
almost insoluble local anesthetics to wound surfaces and mucous mem- 
branes, especially of the eye, nose, throat, and urethra. 

The actions of the drug depend upon two factors: its power to 
penetrate mucous membranes, and its power to anesthetize nerve end- 
ings. Cocaine, butyn, and nupercaine are effective anesthetic agents 
on mucous membranes. Procaine has too little penetrative power to 
be of value on mucous membranes. Alypin and beta-eucaine are inter- 
mediate in their absorbability. 

Many ophthalmic surgeons prefer cocaine for local anesthesia of the 
eye; cocaine is reliable and toxic symptoms rarely occur when the drug 
is properly administered. 

For anestliesia of the nose, throat, and urethra, cocaine has an addi- 
tional advantage of a powerful vasoconstriction action. Unfortunately, 
out of forty-one deaths due to local anesthetics, twenty followed the 
application of cocaine to tonsils, and six were due to the use of 
cocaine in the urethra (Myer, 1924). 

Insoluble, anesthetics arc useful for application to ulcers and 
wounds. The soluble anesthetics are absorbed too rapidly to be of prac- 
tical value in pain. On the other hand, the insoluble, slowly absorbed 
compounds may be useful for wounds and ulcers of skin and mucous 
membranes. Anesthesin, cycloform, and others are effective on in- 
tact mucous membranes. 

b. Injection anesthesia consists of the injection of a local anesthetic 
agent into or around the nerve trunk or into the area of nerve distribu- 
tion, in order to block sensory impulses from the operative area. For 
this purpose procaine with the addition of epinephrine (1:100,000) is 
the drug of choice. 

Infiltration anesthesia consists of the injection of the anesthe- 
tizing fiuid around the area to be operated upon in such a manner 
and in such quantity as to block all the thousands of sensory fibers 
that lead into it. Procaine in 0.5 per cent strength is most commonly 
used for infiltration anesthesia. Epinephrine is added to limit rapid 
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absorption. Cocaine (Vio to 1 per cent) and quinine and urea (% to 
1 per cent) are also used for infiltration anesthesia. 

Large areas can be anesthetized by this method. A sufficient 
quantity of local anesthetic dissolved in physiological saline is in- 
jected in the tissues. A suitable solution is; procaine, 0.1 per cent; 
sodium chloride, 0.9 per cent; and epinephrine, 0.001 per cent. The 
pressure caused by the large volume of solution plays a part in the 
anesthesia, the specific local action of the anesthetic paralyzes nerve 
endings, and the epinephrine constricts the vessels localizing the 
action. 

Injection into or around the nerve trunks or conduction anesthesia 
is accomplished by injecting the fluid directly into the nerve sheath, 
or by depositing it immediately against the sheath. When the drug 
is injected directly into the nerve sheath, anesthesia is immediate and 
complete in the area it supplies, while by depositing the agent against 
the sheath, anesthesia is slow, usually incomplete, and of short 
duration. 

Higher concentrations of local anesthetics are needed to paralyze 
nerve trunks than suffice for nerve endings. Since high concentrations 
of the local anesthetic arc used, it is particularly important not to 
use a toxic drug. For this reason procaine is the drug of choice. 
Cocaine is too toxic and is unsatisfactory for this purpose. 

Qenersd Properties of Local Anesthetic Action. — 

1. Local anesthetics probably will not anesthetize intact skin to a 
great extent, but will anesthetize scarified or exposed nerve ends. On 
injection of cocaine sensitivity to tickling first disappears, then the 
sensation of heat, next cold, while touch and pressure are least affected. 
When action passes off, the sensations return in reverse order. 

2. Sensory fibers of mixed nerves, especially the nerve endings, are 
depressed more than motor fibers. There is evidence that narcosis 
and analgesia tend to decrease the permeability of the surface layer. 
This action may be due to dehydrating action on the surface layer. 
Anesthesia is accompanied by decreased electrical conductivity, and 
by decrease of the permeability of salts. 

3. Adsorption of Positive Ions. A part of the action of an anes- 
thetic is not due to splitting off of a free base but to selective adsorp- 
tion of the positive ions by negative surface of nerve cells and fibers. 

4. Lowering of the Surface Tension. The depression of surface ten- 
sion runs parallel with anesthetic action. 

5. Diffusion and Penetration. Pharmacological action of many 
drugs varies inversely as the rate of diffusion. 

6. Effects of Duration of Application and Concentration. Ane.s- 
thetic effects vary with length of application and drug concentration. 

7. Synergic Action, (a) Epinephrine (1:100,000) increases duration 
of anesthesia and lowers the threshold of concentration necessary, 
(b) Lipschitz, Laubender and Weingarten found that salts of caffeine 
and theobromine, and methylene blue hastened the onset of anes- 
thesia. Caffeine and theobromine increase the penetration rate 
through the meninges, (c) Narcotics and sedatives potentiate anes- 
thetic action. Antipyrine increases the anesthetic action of cocaine. 
Acetylsalicylic acid increases the anesthetic action of procaine, (d) The 
addition of alkali to anesthetic agents increases their efficiency, since 
free bases penetrate tissues more readily than their salts. This, of 
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course^ would only be of advantage in topical anesthesia. The free 
bases are insoluble and are impractical for injection. The local 
anesthetics are usually sold as their soluble salts. 

Oharactexigtics of an Ideal Local Anesthetic. — There is no ideal 
local anesthetic, that is, there is no one local anesthetic possessing all 
of the desirable qualifications. An ideal anesthetic would have the 
following characteristics: 

1. Specific action. 

2. Temporary action. 

3. Noninjurious to subject. 

4. Freedom from irritating properties. 

5. Ability to produce anesthesia for at least thirty minutes. 

6. Solubility in water. 

7. Ease of sterilization. 

8. Relative nontoxicity. 

9. Compatible with a vasoconstrictor. 

GENERAL TOXICOLOGY OF LOCAL ANESTHETICS 

Acute toxicity from local anesthetics is quite frequent, especially 
with cocaine. A large proportion of the accidents are due to mis- 
takes in the drugs, concentration, and dosage. Idiosyncrasy, dif- 
ferences in absorption, or accidental intravenous injection may also 
cause toxic reactions. ^ 

The usual symptoms of acute toxicity include excitemetft, anxiety, 
dizziness, severe headache, convulsions, and fall of blood pressure. 
Death is duo to cardiovascular collapse ami respiratory failure. 

Table XVITI 

Comparative Toxicity of Various Local Anesthetic Agents 

SUBCUTANEOUS LDb® FOR 
GUINEA PIGS IN MG./KG. 

(TOTAL SAFE DOSE FOR 

DRUG HUMANS) 


Procaine (Novocaine) 

430 

Metycaino 

300 

Tutocaine 

190 

Butacaine 

70 

Amydricaine (Alypin) 

70 

Cocaine 

50 

Phenacaine (Holocaine) 

50 

Tetracaine (Pontocaine) 

30 

Dibucaine (Nupercaine, Percaine) 

10 


Prophylactic measures include slow injection, the use of dilute solu- 
tions, aspiration of syringe to insure that intravenous injection does not 
occur. Epinephrine (1:100,000) may be indicated to prevent systemic 
absorption. Preliminary administration of a sedative, especially of the 
barbiturate group 60 mg. (1 grain) of phenobarbital or 0.6 Gm. (10 
grains) of sodium barbiturate one hour before operation, diminishes 
risk. 

Procaine is the safest of the more widely used local anesthetics 
and may be employed for subcutaneous and submucosal injections; but 
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the concentration should not exceed 1 per cent. Cocaine and butyn 
should not be injected under the skin or mucous membranes, but should 
be restricted to surface application. The total quantity of cocaine 
should not exceed 0.06 to 0.1 Gm. (1 to 1% grains). The patient should 
be recumbent, if the operation permits. With nervous patients, it is ad- 
visable to inject morphine fifteen minutes before the local anesthetic, 
and to delay tlie start of the operation until twenty minutes after the 
injection of the local anesthetic. Urethral injections are especially 
dangerous, and should be avoided if there is trauma or stricture. 

Treatment : In general, treatment of acute symptoms of toxicity in- 
clude stopping the drug and administering barbiturates to control con- 
vulsions. Avoid morphine. The injection of epinephrine to combat 
fall in blood pressure is of questionable value. The use of oxygen 
and artificial respiration may be indicated. Absorption may be checked 
by ligation. 

If an overdose of local anesthetic has been taken orally, evacuation 
and chemical antidotes are indicated. Wash out stomach with warm 
water, keeping this for analysis. Continue with a solution of potassium 
permanganate (5-10 grains per pint of water). 


CLASSIFICATION OF LOCAL ANESTHETICS 

Local anesthetics may bo classified in various ways: on tlie basis 
of their chemical constitution, their solubility, and their clinical use. 
The latter grouping probably is the most useful for medical students or 
physicians. 

Table XIX 
Local Anesthetics 


DRUGS FOR TOPICAL 
USE ONLY 

Cocaine 

Butesin Picrate 
Butyl Aminobenzoate 
Ethyl Aminobenzoate 
Orthofonn 
Amylsine 
Butacaine 
Diothane 
Phenacaine 


DRUGS FOR 
IN.TECT10N 
ONLY 

Procaine 

Monocaine 


DRUGS FOR BOTH TOPICAL 
APPLICATION AND INJECTION 

Tutocainc 

Amydricainc 

Benzyl Alcohol 

Metycaine 

Tetracaine 

Dibucaine 


LOCAL ANESTHETICS SUITABLE FOB TOPICAL USE ONLY 

Cocaine 

Cocaine is an alkaloid obtained from the leaves of various species 
of Erythroxylon coca, called ^ ^ Divine plant of the Incas, ’ ’ a plant found 
in South America and also grown in Mexico and the Indies. Cocaine 
exists in the dried leaves to the extent of approximately 0.75 per cent. 
The natives of Peru, who use it, are said to be able to carry heavy 
burdens for long distances without tiring. Attempts to verify these 
claims on other races have not been successful. 

The local anesthetic properties of cocaine were discovered by Koller 
(1884), although the drug had been isolated in 1850. Cocaine is now 
also prepared synthetically. 
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Cocaine, or benzoylmetliylecgonine (C„H„N 04 ), occurs in colorless, 
transparent crystals, which are soluble in alcohol (1:15) and ether, 
but are quite insoluble in water (1:600). It occurs in three isometric 
forms, 2-cocaine, cZ-cocaine, r-cocaine. The I form is of most value 
therapeutically. The most used salt is cocaine hydrochloride, C„Hj„N 04 - 
HCl, which is soluble in water (1:0.4), and in alcohol (1:2.6); it is 
insoluble in oil. If an oily solution is needed, the pure alkaloid must 
be used. 

Cocaine is readily decomposed into several constituents. On heating 
with water, methyl alcohol is driven off, leaving heneoyl-ecgonme, which 
may be broken up into benzoic acid and eegonine. Becent investigations 
have shown that boiling cocaine in water for a short time destroys 
little of the drug for all practical purposes. Aqueous solutions of cocaine 
salts do not keep well unless sterilized and hermetically sealed. 
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Pharmacological Action. — The most important effects of cocaine 
are those on the central nervous system and on the sensory nerves. 

Absorption and Excretion. — Cocaine is readily absorbed from mucous 
membranes but is not absorbed through the intact skin. Macht (1916) 
claims that it penetrates soaked skin. It is eliminated unchanged 
in large quantities in the urine. The fate of cocaine in man is not 
entirely know'n. The destruction of cocaine hydrochloride in the 
body is relatively slow, which accounts for frequent accidents associated 
with its use. It is thought that cocaine is first hydrolyzed into eegonine, 
benzoic acid, and methyl alcohol, and that these are subsequently 
oxidized in the body. 

Local Action of Cocaine. — Cocaine applied locally on mucous mem- 
branes produces a loss of sensation through its paralyzing of sensory 
nerve terminations, especially those of pain and touch. There is a 
primary vasoconstriction followed by a secondary dilatation of the 
vessels. A solution applied to the tongue removes the taste of bitter 
first, then sweet and acid partially, while the taste of salt remains 
fairly normal. A solution applied to the nasal membrane completely 
paralyzes the sense of smell. 

Cocaine acts more readily on sensory nerves than on motor nerves. 
Anesthesia of all the mucous membranes can readily be obtained, but 
its action on the unbroken skin is less marked, as it penetrates ex- 
tremely slowly through the epidermis. Hypodermic injections reach 
the peeper sensory nerves and produce an anesthesia suitable for 
surgieiil treatment as long as the knife does not pass beyond the area 
to which the drug has penetrated. 



486 MATERIA MBDICA, TOXICOLOGY, AND PHARMACOLOGY 

When cocaine is injected into the region of a nerve trunk, it pene* 
trates into the fibers and induces anesthesia of the region supplied 
by the nerve. If cocaine is injected into the spinal canal, it causes 
anesthesia over large areas of the body - due to its action on the 
posterior roots of the cord. The internal administration of cocaine 
leads to loss of sensation in the mouth and stomach; however, no 
anesthesia results by its action after it reaches the blood vessels. 

Cocaine has a relative selective action for sensory nerves; greater 
concentrations, however, paralyze motor nerves. When cocaine is 
applied to the vagus nerve it paralyzes the cardiac inhibitory fibers, 
while afferent impulses to the respiratory center are more resistant. 

Local Action on the Eye, — Cocaine produces a local anesthesia, con- 
traction of the conjunctival vessels, dilation of the pupil, and partial 
loss of accommodation. The light reflex is preserved. The dilation 
action may be due to direct action on the muscle fibers of the iris, 
causing a weakening of the circular fibers, or to stimulation of the nerve 
ends in the dilator muscle, as does epinephrine; no satisfactory evidence 
has been supplied. 

Eye, — Cocaine, internally or locally, acts as a mydriatic and impairs 
accommodation. The pupillary mydriasis is not attended with loss of the 
light reflex, thus indicating that the oculomotor nervous control of the 
iris is not affected as with atropine. Since cocaine will cause further 
dilation of the pupil after application of atropine, it indicates that the 
effect of the cocaine is a stimulation of the dilator nervous mechanism 
of the iris. The action is peripheral since cocaine dilates the pupil of 
the excised eye. With large doses there is some contraction of the 
smooth muscle of the lids, with retraction and exophthalmos. The 
effect on intraocular pressure varies. 

General Action of Cocaine. — Although cocaine is not administered 
for its systemic effects, it is absorbed so rapidly that systemic effects 
may follow its use as a local anesthetic. The systemic effects may be 
decreased by slow administration of the drug or by the use of epineph- 
rine to delay absorption. 

Central Nervous System, — The action of cocaine on the central nehrous 
system is primarily a descending stimulation, the cerebrum being first 
affected, then the hindbrain and medulla, and finally the spinal cord. 

The absorption of small amounts of cocaine first stimulates the cere- 
brum as shown by wakefulness, talkativeness, and mental keenness. With 
moderately large doses the reflexes are exaggerated. As the dose is 
increased, the stimulant effect of cocaine spreads downward to the 
medulla and cord; this is quickly followed by depression. The depres- 
sion is manifest in the respiratory and vasomotor centers, and in the 
reflex centers of the cord. Bespiration is increased due to central 
stimulation. The amount of air inspired becomes less and less, and 
convulsions may follow. During convulsions respiration becomes 
irregular, and death may result from paralysis of the respiratory 
center. 

Sympathetic Nervous System, — Some of the sympathetic effects of 
cocaine, which are similar to those of epinephrine, are attributed to 
stimulation of the sympathetic nerve endings or to direct action on 
smooth muscle. The drug taken internally has little effect on the 
peripheral nerves. 

Upon application of a solution of cocaine to a nerve trunk, tem- 
porary paralysis is produced, usually without damage if the solution 
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is not too concentrated. A 2 per cent solution of the drug paralyzes 
sensory fibers and a 4 per cent solution paralyzes motor nerves, a 
fact which is ascribed to a greater selective affinity for the sensory 
class of fibers. 

Action on Circulation. — In moderate doses, cocaine accelerates the 
heart by direct action on the cardiac muscle or by stimulation of the ac- 
celerator nerve. The vessels are contracted in the earlier singes 
of poisoning, and this combined with the increased heart rate, causes 
an increase in blood pressure. The constriction of the blood vessels 
is apparently due to stimulation of the vasoconstrictor center, as it is 
absent after section of the spinal cord. These actions produce a 
quickening of the heart rate and a rise in blood pressure. Toxic doses, 
on the other hand, tend to slow and weaken heart action and cause a 
fall in blood pressure. 

Cocaine, like epinephrine, causes dilatation of coronary arteries. 
When applied to mucous membrane, the constriction is due to direct 
action on vessel walls. 

Eespiration. — Cocaine in full therapeutic doses strongly stimulates 
the respiratory center of the medulla. The rate of respiration increases 
and the depth gradually diminishes. 

Temperature. — Large therapeutic doses increase body temperature. 
Reichert states that the increased heat production is due to (1) motor 
excitement resulting from cerebral cortex excitation, and (2) to direct 
stimulation of the heat center located in the caudate nuclei. 

Alimentary Tract. — Cocaine tends to reduce the appetite, probably 
by its local anesthetic action in the stomach. This action would also 
seem to diminish absorption. 

Toxicology. — Man is peculiarly sensitive to the general action of co- 
caine. Furthermore there exists a great variation of susceptibility 
of individuals to this drug. Most cases of cocaine poisoning have 
followed its use as a local anesthetic, but occasionally it has resulted 
from the use of cocaine instead of procaine for infiltration anesthesia. 

Acute Cocaine Poisoning. — Serious acute cases are of two types: 
(1) the patient apparently suddenly absorbs the drug, becomes pale, 
gasps, and rapidly passes into a convulsion; (2) the patient becomes 
talkative, laughs, there is an irregular pulse and respiration, nausea ami 
vomiting, abdominal pain, diarrhea, convulsions, and finally coma and 
death. 

The reactions exhibited are rarely of the purely stimulant or depres- 
sant type, but more often are a mixture of both. They may occur 
rapidly and be difficult to analyze (Tainter). 

Treatment of Acute Poisoning. — If cocaine has been accidentally in- 
jected, quickly apply a tourniquet above the site of injection but do not 
completely obliterate the pulse. 

In mild cases of poisoning place the patient in a recumbent position 
and administer rapidly-acting stimulants, such as inhalation of ammonia, 
hot coffee orally, and camphorated oil or strychnine hypodermically. 
Since cocaine is quite rapidly destroyed by the tissues, anything that 
will prolong the life of the pcatient a few minutes is of great importance. 

In severe cases of acute poisoning, when the drug has been taken 
oralljr, evacuate the stomach by stomach pump or with an emetic. Give 
tannic acid (2 Gm.), or strong tea as a precipitant. Chloral hydrate 
and bromide may be given orally to prevent convulsions. If convul- 
sions occur, administer chloroform or ether, followed by chloral hydrate 
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(3 to 4 Gni.), and potassium bromide (4 to 0 Gin.). Circulatory or 
respiratory depression may be combated by stimulants, such as hot 
coffee by rectum, or caffeine and sodium benzoate (0.3 Gm.) hypoder- 
mically. Artificial respiration and even oxygen inhalation may be 

indicated. 

The use of barbiturates both in prophylaxis and treatment of 
cocaine poisoning has liccome quite general. Give sodium barbital, 
0.4 to 0.8 gram (C to 12 grains), by mouth, one-half hour before 
inducing anesthesia. In cases of mild intoxication administer hypo- 
dermically O.l grain {IV 2 grains) of barbital. In severe poisoning 
administer 6 cc. of paraldehyde plus barbital (0.1 gram) in- 

travenously. 

Morphine is contraindicated because of its respiratory depressant 
action. 

Chronic Cocaink Poisoning (Cocaine Habituation). — The habit- 
forming action of cocaine is an undesirable property of this drug. It is 
taken for the immediate psychic effects. While the habit is easier to 
break immediately than the opium habit, relapses arc* more common. 

The habit may be cither periodical or continuous, or it may be asso- 

ciated with alcoholic or otlier narcotic indulgence. 

On taking a dose of cocaine there is generally a feeling of exhili ra- 
tion and well-being, accomijanied by a quick(*ned pulse, acceleration of 
circulation, and a remarkable overconfidence in one’s mental capacities 
and physical strength. Occasionally there are vertigo and mental con- 
fusion. Many persons show dilated pupils, a rise in temperature, and 
a loss of the sense of time, though fhe memory is usually intact. If 
the dose is not too large, the ])eriod of hypcuexcitsition usually lasts 
an hour or more but, if the dose is very large, the depression and 
nervous exhaustion may last for several days. 

Diagnosis . — A history is difliicult to obtain from an addict. Alternat- 
ing euphoria and depression, irritation, perforation of the nasal septum 
and hypodermic scars indicate addiction. 

Treatment . — The treatment of cocaine addiction is veiy dillicult for 
the addict i.s less conscious of his condition and lias less desire to be 
cured than a morphine addict. The cocaine addict, however, rarely 
suffers physically from withdrawal as the morphine addict does. When 
the cocaine habit is combined with the morphine or heroin habit, it 
should be treated as for morphine or heroin. In most cases cure de- 
pends on placing the patient in an institution. 

The best procedure is the rapid withdrawal of the drug, but 
sometimes gradual withdrawal is indicated. The treatment con- 
sists of administering an active cathartic, following the last dose 
of the narcotic. The purgative action will take place after the patient 
awakens, and it tends to relieve him of some of his nervous condition 
and to allow further sleep. After this any sedative may relieve 
the nervousness for several days. The complete cure of the habit from 
now on requires from six to twelve months of careful supervision. 

The treatment is largely symptomatic. Restlessness and insomnia 
should be combated with barbiturates and bromides, the pains with 
aminopyrine and salicylates. Active catharsis must be maintained. 
Scopolamine and atropine have been used to produce amnesia. 

Exercise, diet, fresh air, massage and psychotherapy all play an 
important part in the treatment. The details of each procedure 
nhould be worked out to fit the individual patient. 
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The Towns-Lambert treatment for elimination of narcotic craving 
has been used with success for cocainism, as well as for alcoholism 
and morphinism. Briefly it consists of systemic purging^ gradually 
reducing amounts of the drug to which the patient is addicted, and 
the use of a mixture of two parts of 15 per cent belladonna tincture 
and one part each of fluidextract of hyoscyamus and xanthoxylum. 

Therapeutic Uses. — The therapeutic use of cocaine is based mainly 
on its ability to paralyze the sensory nerve fibrils on direct applica- 
tion. The preparation most commonly used is cocaine hydrochloride. 
It is still unsurpassed as an anesthetic application to mucous mem- 
brane. For injection purposes it has been replaced by procaine and 
other agents. When idiosyncrasy is suspected perform the patch 
test. 

Local Anesthesia. — Cocaine is indicated, in general, for brief opera- 
tions in superficial areas of small size, e.g., the amputation of fingers, 
removal of growths, etc. The chief disadvantage of cocaine is its 
high toxicity, hence great care must be exercised to avoid over- 
dosage. The maximum dose compatible with safety for adults is 
placed at 0.03 to 0.04 gram (% to % grain). 

Preliminary to Instrumentation, — The injection of a few drops of 2 
per cent solution of cocaine into the urethra renders catheterization pain- 
less. 

Pharynx and Larynx. — A 10 per cent cocaine hydrochloride spray may 
bo administered once or twice and tested for sensibility with an ap- 
plicator. When anesthesia is satisfactory, the operation must be 
rapidly performed, as the period of anesthesia is short. The limit for 
laryngeal use is placed by some at 0.06 gram (1 grain). A cocaine 
spray may be indicated preliminary to talcing of food where pain pre- 
vents swallowing, e.g., ulcenations, growths in pharynx, eic. 

A 1 to 4 per cent cocaine hydrochloride spray is sometimes used to 
relieve severe pain which accompanies deglutition in laryngeal tubercu- 
losis. This procedure should be used with caution. In developed cases of 
rabies 5 per cent cocaine solution will give relief if sprayed into the 
pharynx. 

Analgesia of Ear. — To secure a relative degree of insensibility insert 
a 10 per cent ointment of cocaine (alkaloidal) in hydrated lanolin; rub 
in for rapid analgesia, whereas for prolonged action, as in earache^ it 
should be just placed in the canal. The following prescription may 
be used for otitis media: 

Atropine Sulfate 0.01 Gm. (gr.%) 

Cocaine Hydrochloride 0,20 Gm. (gr.iij) 

Liquefied Phenol 0.60 cc. (nix) 

Glycerin q.s. ad 15.00 cc. (fSss) 

M. Sig.: Instill five drops in ear as directed. 

Eye. — Cocaine hydrochloride is employed before operative procedures, 
to relieve pain in acute inflammation, and in the presence of foreign 
bodies. Solutions of from 0.5 to 4 per cent may be instilled once or 
more as required. 

Solutions of from 2 to 4 per cent produce mydriatic action and are of 
value when pupillary dilatation alone is desired. 

To Relieve Congestion and Irritability of Mucous Membranes. — In 
acute coryza, cocaine in 2 per cent solution may be applied or cautiously 
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used as a spray. In chronic rhinitis and ozeno cocaine carbolate in 1 to 
5 per cent solution has been recommended. 

In treatment of turgescent rhinitis: 

Cocaine Hydrochloride 0.30 Gm. (gr.v) 

Antipyrine 1.00 Gm. (gr.xv) 

Distilled Water q.s. ad 30.00 cc. (fSj) 

M. Sig.: For use by physician only. 

Shin Diseases . — In the theatment of warts cocaine hydrochloride may 
be profitably used for its anesthetic action. A modified paste (Hare) 
of the following combination may be applied if the warts are few. 

Arsenic Trioxide 

Acacia 

Cocaine Hydrochloride 

Glycerin 

Water 

M. fac pasta. 

Sig. : Apply to warts. 

The foregoing prescription may be profitably used in the local 
treatment of lupus erythematosus. The paste is allowed to remain 
on for twenty-four to forty-eight hours, then the slough is removed 
by poulticing. 

Cocaine may be used in 5 to 10 per cent solutions for preliminary 
anesthetizing of chancroid ulcers before treatment with chemical 
cauterizing agents. 

A 1 per cent ointment of cocaine hydrochloride with equal parts of 
lanolin and petrolatum relieves the symptoms of herpes zoster and causes 
regression of the eruption. 

Miscellaneous Uses. — In hiccup, Lichenstein (1928) obtained good 
results by applying a dilute cocaine-epinephrine solution containing a 
small amount of phenol to both nostrils on pledgets of cotton. 

Cocaine in 4 to 10 per cent solution may be used for minor hemor- 
rhages. In the palliative treatment of hemorrhoids and anal fissure, 
cocaine is of value as an analgesic and vasoconstrictor. 

Preparations 

Cocaine, Cocaina, U.S.P., B.P. An alkaloid obtained from coca leaves. 
Cocaine Hydrochloride, Cocainae Hydrochloridum, U.S.P., B.P. Dosage: 

15 mg. (^4 grain). 

Cocaine Hydrochloride Tablets, Tahellae Cocainae Ilydrochloridi, N.P. 

Synthetic Local Anesthetics 

Synthetic local anesthetics have been introduced with the object 
of finding substances which are nonhabit-forming, less toxic and 
more stable, and less injurious to the tissues than cocaine. There 
are now more than one hundred of these compounds. Their anes- 
thetic power is, as a rule, somewhat less than that of cocaine 
and most of them have the undesirable effect of dilating the blood 
vessels, and are therefore almost always employed in conjunc- 


5.00 Gm. (gr.lxxv) 

5.00 Gm. (gr.lxxv) 

2.00 Gm. (gr.xxx) 
2.00 cc. (f3ss) 
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tion with epinephrine. The most important are based on the dis- 
covery that the local anesthetic action of cocaine is due to the 
radical of benzoic acid in combination with a nitrogen-containing basic 
group. Important synthetic local anesthetics or cocaine substitutes 
include the following; 

Butesin Picrate, N.N.R., is a yellow amorphous powder soluble in 
water. It is used in the treatment of burns, ulcers, and other denuded 
painful lesions of the skin. An aqueous solution (1:2,000) 


NH, 

on 

NO. 


V 

Butesin 


(Butyl Aminobenzoate) 

Butesin Picrate 


NH* 

/\| 


produces immediate and complete anesthesia of the eye which lasts 
10 to 20 minutes. For use, a 1 per cent butesin picrate ointment is 
proposed (N.N.R.). 

Butyl Amlnobenzoate, U.S.P., is a white crystalline powder soluble 
in water (1:7,000) soluble in alcohol and fatty oils. It is hydrolyzed 
slowly on boiling with water. 

It is a slow but lasting local anesthetic suitable for topical applica- 
tion to ulcers, wounds, and mucous surfaces. It is used as a dusting 
powder or in the form of troches, ointments, or suppositories, or in 
a fatty oil. 

Ethyl Aminobenzoate, U.8.P. (Benzocaine), is a white crystalline 


O 



Ethyl Aminobenzoate 


powder, slightly soluble in water, freely soluble in alcohol. Due to 
its comparative insolubility, it can be used safely on wounds and ulcers 
of the skin to induce moderately lasting anesthesia. Ethyl Amino- 
benzoate Ointment, U.S.P,, consists of 5 per cent ethyl aminobenzoate 
in white ointment (95 per cent). In 5 to 10 per cent strength in dusting 
powder it is applied to ulcers, burns, Assures, and other similar lesions to 
relieve discomfort. In 10 per cent ointments it is indicated for pruritus. 
It may be incorporated with other agents in suppositories for relief of 
pain caused by hemorrhoids or Assures. It may be incorporated in an 
ointment for the treatment of pruritus in pinwonn infection. The fol- 
lowing prescription may be used : 




Ethyl Aminobenzoate r..()() (»m. (gr. xlv) 

Salicylic Acid 1.00 Gm. (gr. xv) 

Lanolin 15.00 Gm. (Sss) 

Petrolatum q.s. ad 30.00 Gm. (Sj) 

M. et fac unguentum. 

Sig.: Apply to itching area. 
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Dr. B. h. Sutton, Jr., recommends the following prescription for chig- 
ger bites. 

2 Gm. (3ss) 

15 cc. (fjssj 

This solution is dispensed in a bottle with a rod in the stopper, and is 
painted on bites whenever needed. Dr. Sutton claims that it stops the 
itch for four to eight hours, ** enabling the sufferer to sleep at night 
and to have comparative comfort through the period required for heal 
ing. It should be used for other bites too.'’ 

Orthoform, N.N.R., is a crystalline powder, insoluble in water. 

O 

OU<f \ — H — O — CHj 

It penetrates the tissues very slowly, and has no action on the un- 
broken skin. It may be applied locally as an analgesic to various 
wounds. It has also been used in dentistry, hay fever, nasal catarrh, 
etc. It is practically nontoxic when used as directed. Its internal 
use is not advised. 

Amylsine Hydrochloride, N.N.R., is a white powder soluble in 


Ethyl Aminobenzonte 
Flexible Collodion — 



^ — li — O — CHa — CH2 — 


C,Hn 

H 


water. Its actions resemble those of cocaine hydrochloride but it does 
not cause mydriasis when used in the eye. Its use probably should be 
restricted to the production of corneal anesthesia in those cases in w^hich 
mydriasis is not desired. Toxicity varies widely with the species and 
mode of administration. One or two drops of a 2 to 4 per cent solu- 
tion is used in ophthalmology when mydriasis is not desired. 

Butacaine Sulfate, U.S.P., is a white crystalline powder soluble 


O = C — O — CIL — CTI, — GH, — N 
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% H,SO. 


^CH, — OH 5 — Oils — OH, 
^011, — Oil, -- OIL — OH, 


in water (1:1). As an anesthetic to the eye, nose and throat it is usu- 
ally used in 2 per cent solutions. In the eye, four instillations, three 
minutes apart, permits operative work within five minutes after the 
last instillation. 

Diothane Hydrochloride, N.N.B., is di-Phenylurethane of 1-Piperidino* 
propane-2, 3-diol Hydrochloride with actions and uses quite similar to 
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(tocaiiie, but it is claimed the anesthesia lasts longer. It is quite toxic 
by vein, thus this route is contraindicated. It is useful for surface 
anesthesia to relieve pain and ' irritation in abrasions of skin and 
mucous membranes following hemorrhoidectomy and for relief of pain 
in hemorrhoids. A 1 per cent solution is applied to imufous membranes; 

0.5 per cent solutions may be injected. It may also be used as a cream 
for topical application. 

Phenacaine Hydrochloride, U.S.P., is a colorless, crystalline com* 
CH3 

(yi.o-(^ ^_nh-(! = n-^ ^-oc,h.hcih,o 

pound, sparingly soluble in water (1:50) and freely soluble in alcohol. 
It is useful as a local anesthetic, the toxicity being about 50 per cent 
greater than that of cocaine hydrochloride. It is used mainly for 
anesthesia in the eye. Installation of 0.3 cc. of a 1 per cent solution 
in the eye produces anesthesia within one to ten minutes. 


LOCAL ANESTHETICS POB INJECTION ONLY 

Procaine (Novocain ). — Procaine hydrochloride is a synthetic alka- 
loid which is used as a substitute for cocaine. It is probably the safest 
of the local anesthetics, especially for injection anesthesia. The chemical 
formula is as follows: 

NH,C.H,C00CH,CH,.N/ .HCl 

Procaine acts similarly to cocaine but has the following advantages: 

1. No central toxic action. 

2. Not habit forming. 

3. No liver damage. 

4. Not cumulative. 

The lack of the ccgonine nucleus in the procaine molecule explains 
the absence of cumulative action and the lack of liver damage. The 
drug is very soluble in water, may be boiled, and is compatible with 
epinephrine. 

Pharmacological Action. — The local anestlietic action is less powerful 
and of shorter duration than that of cocaine. Procaine is relatively 
ineffective if applied to intact skin or intact mucous membranes. 

Procaine paralyzes peripheral sensory nerves as does cocaine. Ex- 
periments indicate that it is about one-seventh as toxic as cocaine. 
Much depends upon its rate of absorption, for, if absorbed slowly, 
the liver rapidly destroys it. The drug does not produce mydriasis, nor 
does it constrict capillaries as does cocaine. 

Toxicology. — Serious poisoning by procaine is rare; however, mild 
symptoms of poisoning may occur. These symptoms are weakness, 
mental confusion or excitement, nausea, pallor, weak pulse, and slowed 
respiration. Such symptoms may have developed from faulty admin- 
istration, such as injection of the drug in the vein. 

Therapeutic Uses. — The principal use of procaine is to produce anes- 
thesia either by infiltration, or by spinal anesthesia. It is employed in 
solution in sterile distilled water or with sodium chloride. Epinephrine 
may be added for its constricting effect. 
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Intravenous injection of a small amount of the drug is not without 
danger. Block anesthesia of certain large nerve trunks, such as the 
sciatic nerve, may require a 2 per cent solution; however, only a small 
dose of such a concentration can be used. For infiltration anesthesia 
solutions of 0.25 gram (4 grains) in 100 cc. of physiological saline, 
with 10 drops of epinephrine solution (1:1,000) are indicated. If a 
large volume of solution is used, the concentration of epinephrine 
should be decreased; a total of more than 1 mg. of epinephrine should 
not be injected in one dose. 

Uses in Spinal Anesthesia . — Procaine is considered the least toxic of 
the spinal agents. Unfortunately, the action is short (55 minutes) when 
it is given in a safe dose. The effectiveness, however, is a variable factor 
governed by rates of detoxification and elimination, and by the position 
of the patient. The usual dose may be determined on the basis of 1 mg. 
of the drug to each pound of body weight, not exceeding 200 mg. 

Some persons are sensitive to procaine, as evidenced by collapse and 
serious respiratory difficulties. If the blood pressure is low, the drug 
is contraindicated. Untoward symptoms may be prevented by giving 5 
to 10 grains of barbital one hour before administration of procaine. 

Pruritus AnL — Injections with an anesthetic oil containing procaine, 
such as Morgan’s solution, afford relief in many cases. Morgan’s solu- 
tion : 

n 

Procaine 

Butesin 

Benzyl Alcohol 

Almond Oil 

M. Sig.: Administer as directed 

Preparation 

Procaine Hydrochloride, Procaine Eydrochloridum, U.S.P. (Procaine). 
The total dose varies widely with the purpose for which it is 
used. 

Monocaine Hydrochloride, N.N.R., is a local anesthetic similar to 
O H 

— O — CH, — CII, — N — CHj 

y\ 


14 . 

procaine hydrochloride, possessing about one-third more anesthetic 
and toxic potency. It is used for nerve block anesthesia in dentistry 
or other surgical operations. It is not recommended for topical use. 

For dental or other minor surgery, a 1 per cent solution with epineph- 
rine (1:75,000) may be injected to obtain nerve block anesthesia. In 
major surgery requiring nerve block anesthesia equivalent to that pro- 
duced by 2 per cent procaine, a 1.5 per cent solution of monocaine with 
epinephrine 1:100,000 may be used. 


.CH, 

C—IT.IKT. 


1 Gm. 

6 Gm. 

— 5 cc. 

q.s. 100 cc. 
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LOCAL ANESTHETICS FOE BOTH TOPICAL APPLICATION 
AND INJECTION 

Tutocaine Hydrochloride, N.N.R., is another ester of para’amino- 
benzoic acid. The base, tutocaine, belongs to the procaine type. 



Tutocaine hydrochloride is used primarily for surface anesthesia, 
but it is also useful for subcutaneous administration. It rapidly pro- 
duces complete and prolonged anesthesia and is effective in relatively 
low concentrations. Clinical trials indicate that tutocaine is rela- 
tively safe for use in surface anesthesia and also by hypodermic in- 
jection. 

Dosage: Two to five per cent solutions of tutocaine hydrochloride 
are used for application to the eye, nose, and throat. For infiltration 
anesthesia, 0.2 per cent solutions are generally used. Concentrations 
of 0.5 to 2.0 per cent solutions are indicated for application to the 
urethra. 

Amydricaine Hydrochloride, N.N.R., is a white crystalline powder 
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very soluble in water. As a local anesthetic it is equal to cocaine, 
l>ut is not a mydriatic. It is probably less toxic than cocaine. Re- 
ports indicate that severe poisoning can result from its use. In oph- 
thalmology, 2 to 4 per cent solutions are used; in rhinolaryngology, 5 
to 10 per cent solutions; in urology, 1 to 4 per cent; in minor surgery, 
0.5 to 2 per cent, and in dentistry, 2 per cent solutions. 

Benzyl Alcohol, N.F. (CeHa-CHa-OH), is used as a local anesthetic 
by injection and by application to mucous membranes. Ordinary 
doses are practically nontoxic and nonirritant. A 1 to 4 per cent 
solution in water or saline is used for injection. It may be applied 
topically against pruritus as a 10 per cent ointment; or as a lotion 
of equal parts of benzyl alcohol, alcohol, and water. 
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Metycalne Hydrochloride, N.N.R., is a local anesthetic which may 


O 



be used topically or by subcutaneous injection. Its toxicity sub- 
cutaneously is comparable to procaine; intravenously it is approximately 
three times as toxic as procaine. For spinal anesthesia it is probably 
equivalent to procaine. Two to four per cent solutions are used for 
application to the eye; for nose and throat, 2 to 10 per cent solutions; 
for urethra, 1 to 4 per cent; for inhltration anesthesia, 0.5 to 1 per 
cent; for nerve block, 1 to 2 per cent; for spinal anesthesia, 1.5 to 5 
per cent with a maximum quantity of drug of 0.74 mg. per pound body 
weight with 150 mg. as an absolute maximum (N.N.R.). 

Tetracaine Hydrochloride, U.S.P., is a white crystalline powder 



soluble in water and in alcohol. It is a local anesthetic for surface 
anesthesia in the eye, nose, and throat and in spinal anesthesia. It may 
be used in lower concentration than procaine. 

Solution of 0.5 per cent is used in the eye; a 2 per cent solution for 
nose and throat; a 0.5 per cent solution for spinal anesthesia. A total 
of 20 mg. is considered the maximum for spinal injection. 

In skilled hands, tetracaine hydrochloride may be used to induce con- 
tinuous caudal analgesia. (See N.N.R.) 

Dihucaine Hydrochloride, N.N.R., is a white crystalline powder, 
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very soluble in water. It acts like cocaine when applied to mucous 
membranes, and like procaine or cocaine when injected. The action 
is relatively prolonged. It is about five times as toxic as cocaine 
when given by vein, and its anesthetic activity is correspondingly 
greater than that of cocaine when applied to mucous membranes. 
It is many times more active than procaine hydrochloride when given 
subcutaneously. 

For infiltration anesthesia, 1 to 2,000 and I to 1,000 solution with 
0.1 cc. of epinephrine hydrochloride (1:1,000) to .100 cc. of the solu- 
tion is used. Not more than 100 cc. of 1 to 1,000 solution should be 
injected. For spinal anesthesia, a total of 7.5 to 10 mg. in 1 to 1,500 
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solution, which is made by diluting a 1 in 200 solution with an ap- 
propriate quantity of spinal fluid. For sacral anesthesia, 25 to 35 
cc. of 1 in 1,000 solution is indicated. 

» 

SPINAL ANESTHESIA 

Spinal anesthesia has gained an important place in the field of medi- 
cine, and a knowledge of its technic is essential for every anesthetist. 
It is really nerve root anesthesia, produced by lumbar or sacral 
subdural injection of procaine or other local anesthetics, which an- 
esthetize the sensory nerve roots at their emergence from the spinal 
cord. According to Lundy, the safest agent from the standpoint of 
experience is procaine, the next is metycaine. 

The anesthesia produced by spinal injection of local anesthetics 
extends to the level of the nerve roots reached by the anesthetic. The 
aim is to confine the anesthesia to the lower half of the body. If it 
extends to the fourth ventricle, it paralyzes respiration. 

Spinal anesthesia is especially useful in pulmonary disease, in 
arteriosclerosis, bladder and rectal operations, and in diabetic pa- 
tients. It should not be used in nervous patients, in children or in 
very old patients, in the presence of degenerative heart disease or 
very high or low blood pressure, or in patients with diseases of the 
central nervous system. 

Spinal anesthesia differs from ordinary local anesthesia in the fol- 
lowing ways: 

1. The injection is made in a diffusible medium, i.e., cerebrospinal 
fluid. 

2. The entire dose is given at once. 

3. Nerve cells as well as flbers are exposed to the anesthetic. 

4. Loss of motor function and sensory sensation is accomplished, but 
tlie appreciation of heat and cold and of pressure and traction is re- 
tained (Flagg, 1939). 

Advantages of Spinal Anesthesia . — 

1. Reduces after effects to minimum. 

2. Useful when general anesthetics are contraindicated. 

3. Insures a quiet field of operation. 

4. No complicated apparatus is necessary. 

Disadvantages of Spinal Anesthesia . — 

1. Circulatory depression is a common occurrence. 

2. Experience is necessary for proper administration. 

3. Injection is frequently unpleasant. 

4. Persistence of consciousness may be undesirable. 

5. A definite dose must be given which cannot be withdrawn. 

Spinal Technic. — ^A perfect horizontal position is gained by placing 
the patient with his back parallel to, and in close proximity with, the 
edge of the table. The head should be flexed downward, while the 
knees are brought upward in full flexion upon the abdomen. If the 
introduction of the needle is unsuccessful, the patient is placed in an 
upright position. The back is painted with merthiolate or other satis- 
factory solutions. A triangular area is then exposed by draping three 
sterile towels so as to expose the back from the tenth thoracic to the 
fourth interspace. One is guided in the selection of the site of puncture 
by the fact that the cord terminates at a level between the first and 
second lumbar vertebrae. The second or third lumbar spaces are the 
easiest to tap. 
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At the site of puncture a solution of 2 per cent procaine mixed with 
25 mg. of ephedrine (to maintain blood pressure) is injected into the 
soft tissue. The lumbar puncture needle is inserted in the usual manner 
in the second interspace and an injection of 150 to 175 mg. of procaine 
crystals dissolved in spinal fluid is made. 

Some authorities recommend a barbiturate for premedication. Pento- 
barbital sodium, 3 grains, by mouth the night before, will usually insure 
restful sleep. Morphine sulfate (% to gr.) by hypodermic, one and 
a half hours before operation, is an efficient sedative. 

CAUDAL ANESTHESIA 

Caudal anesthesia is a special type of peridural anesthesia in which 
a local anesthetic is introduced through the sacral hiatus into the 
caudal canal. This typo of anesthesia is used in obstetrics and also 
in surgery. 

In obstetrics, Hingson and Edwards introduced continuous caudal 
anesthesia. In the primipara, caudal anesthesia is begun when the cervix 
measures 2 to 3 cm., in the multipara the agent is administered some- 
what earlier. Procedure: The patient is placed in the knee-elbow or 
lateral flexed position. A 20 gauge intravenous needle is inserted in 
the middle line through the sacral hiatus. The point is advanced to the 
level of the third sacral foramen and never higher than the second 
sacral foramen. The local anesthetics commonly used are metycaine or 
procaine hydrochloride. Thirty cubic centimeters of 1 per cent in iso- 
tonic saline solution is slowly injected about 10 cc. at a time, and an 
additional 10 cc. if labor pains recur. 

The local anesthetic abolishes pain without interfering with uterine 
movements. It relaxes the cervix which is kept contracted by para- 
sympathetic impulses through the second, third, and fourth sacral 
nerves (R. A. Hingson, 1944). The average duration of anesthesia 
is about five hours. The first and third stages are shortened. 

Certain advantages are associated mth caudal anesthesia in ob- 
stetrics. The mother retains consciousness and motor functions; there 
is no deleterious effect on the vital functions of the child. The rate and 
strength of the uterine contractions are not interfered with; postpartum 
hemorrhage is minimized, and management of unfavorable fetal posi- 
tions is facilitated. 

There are certain contraindications to the use of caudal anesthesia in 
obstetrics. These include sacral deformities, marked disproportion of 
the child to the birth canal, uterine inertia, extreme obesity, and pla- 
centa praevia. Epilepsy, hysteria, advanced anemia, and a history of 
sensitivity to the local anesthetic may also contraindicate this type of 
anesthesia. 

When properly performed, caudal analgesia is a most satisfactory 
and pleasant type of procedure. The author has observed Dr. Hingson 
and his associates administer caudal anesthesia in several instances in 
obstetrics. No more satisfactory and pleasant type of analgesia could 
be imagined. It is definitely, however, a hospital procedure and should 
only be performed in hospitals which have an experienced personnel. 
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(J AliDI OVAS( I iAR DRUG S 

Many drugs have the ability to influence the lieart and to modify 
the vascular system. A large number of those agents have as their ma- 
jor pharmacological action the ability to stimulate or dt'press the heart 
or to constrict or dilate the blood vessels. This latter group of drugs 
will be considered in this chapter. 

SIGNIFICANT ASPECTS OF ANATOMY, PHYSIOLOGY, 

AND PATHOLOGY OF THE HEART 

ll would seem appropriate at this time, before considering the drugs 
which are of value in the treatment of heart disease, to review briefly 
the special characteristics of cardiac tissue which may be influenced 
by drugs, and also to recall briefly a few of the common pathologic 
conditions which respond to drug therapy. 

Significant Characteristics of Heart Muscle. — The heart is the most 
important muscle in the body and possesses certain remarkable char- 
acteristics. Heart muscle possesses those characteristics of all muscle 
tissue, i.e., tonicity, conductivity, contractility, irritability, and, in addi- 
tion, cardiac tissue possesses the intrinsic power of rhythmic contraction. 

Tonicity is that property of the heart muscle which prevents complete 
relaxation during diastole. 

Conductivity is that property by which cardiac muscle may transmit 
impulses along its muscle fibers. Disturbance of this property is a sign 
of heart block. 

Contractility is the property which all muscles possess, namely ability 
to shorten their length in response to a stimulus. When the property of 
contractility is damaged, the heart is unable to perform its necessary 
work. 

Irritability is the property of being in a responsive state toward 
stimuli. Increased irritability is indicated by extrasystoles and paroxys- 
mal tachycardia. Many of the cardiac drugs affect the property of ir- 
ritability; for example, digitalis increases irritability while quinidine 
depresses this property. 

Bhythmicity is that inherent property of cardiac muscle which enables 
it to beat regularly. Loss of rhythmicity may interfere with cardiac 
function. 

Nervous Control of the Heart.— The heart boats by virtue of its 
own intrinsic properties and is capable of beating outside of the body. 
It is, however, supplied with nerves which, while they do not initiate 
the heartbeat, they influence it in various ways, according to the needs 
of the body. These nerves are: (1) the vagus nerve (parasympathetic), 
stimulation of which slows the heart and tends to weaken the con- 
tractions, and (2) the cardio-accelerator nerve (sympathetic), stim- 
ulation of which increases the heart rate and augments the con- 
tractions. The heart is also connected by efferent fibers to the 
medulla; (3) the depressor nerve, incorporated in the human being 
in the vagus, is stimulated by rise of pressure in the aorta, and 
through its connections in the medulla brings about a fall in blood 
pressure and a slowing of the cardiac rate. 
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Initiation and Transmission of Heartbeat.— -The initiation of the 
heartbeat and its transmission depend on the following specialized 
tissues: 

The sinoauricular node. ' 

The auriculoventricular node. 

The auriculoventricular bundle. 

The branches of the bundle and the Purkinje system. (Fig. 19.) 

The cardiac cycle requires about seven-tenths of a second. Three- 
tenths of this is taken up by cardiac systole and four-tenths by 
diastole. The impulse to contraction begins in the sinoauricular 
node^ an area of specialized tissue lying in the right auricle between 
the openings of the two venae cavae. This impulse is transmitted 
over both auricles, requiring less than one-tenth of a second, and 
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Pig 19. — Diagrammatic repre.sentation of the vagus innervation, and of 
the chief special structures of the heart. (Modified from Wiggers.) 


it excites the auriculoventricular node of Tawara, an area of special- 
ized tissue located at the base of the auricular septum. From the 
A-V node the impulse spreads to the auriculoventricular bundle of 
His. This bundle passes from the A-V node forward and to the left, 
to the anterior aspect of the interventricular septum, where it divides 
into a right and a left branch, passing respectively to the correspond- 
ing ventricle. The ventricular divisions break up into a network and 
pass directly to the cardiac muscle fibers by way of the Purkinje 
system. The passage of the impulse from the A-V node along the 
A-V bundle takes about three- twenty- fifths of a second. 

The sinus node is spoken of as the pacemaker of the heart. Under 
pathological conditions the auricles or ventricles may contract inde- 
pendently, due either to locally increased irritability, or to the intro- 
duction of an abnormal stimulus f extrasystoles). Independent con- 
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tractiong may also appear with disease of the conduction 
Thus, for example, if there be a complete interruption of the His 
bundle, the ventricles may beat with their own slow rhythm (about 
30 beats per minute), independently of the more rapidly beating 
auricles. 

Although normally the contractions of the heart follow along the 
path given above, under certain abnormal conditions the auricles and 
ventricles may beat independently of each other. For example, im- 
pulses which may set off partial or complete systole may begin at 
other than the S-A node. Such impulses may be induced by drugs, 
such as digitalis or tobacco. Disease may cause degeneration of the 
auriculo ventricular bundle, blocking the normal passage of the im- 
pulse. 

The Coronary Circulation. — The activity of the heart depends on the 
energy supplied it by the blood of the coronary circulation. During 
the greater part of the systole blood is forced from the coronary 
arteries and during the diastolic pause the coronary arteries refill 
from the aorta. The heart's activity depends on the efficiency of 
the coronary circulation. Since the cardiac muscle must undergo rhyth- 
mic contraction throughout life impairment of the coronary circulation 
is quickly refiected as an impairment in cardiac function. 

The coronary blood vessels are well supplied with nerve fibers from 
both divisions of the autonomic nervous system. Experimentation 
on dogs shows that stimulation of the vagus (parasympathetic) 
nerve constricts the coronary arteries and that sympathetic stimulation 
dilates the coronary arteries. It seems probable that the sympathetic 
dilates the coronary arteries in man. When the coronary circulation is 
impaired, slowing of the heart rate and allowing longer diastolic rest 
are beneficial. This accounts for part of the beneficial effect of digitalis 
in heart failure. 

Oardiac Reserve. — The main work of the heart is to pump approxi- 
mately 100 cc. of blood into the systemic circulation at every beat 
of the ventricles. As with all other organs of the body, the heart 
is endowed by nature with considerable reserve, the ability to meet 
extra strain that may be thrown upon it. As long as the heart can do 
this, it remains compensated. When the burden becomes too great and 
compensation is broken, heart failure results. Then the heart is de^ 
compensated. Many conditions, however, decrease the efliciency of the 
heart muscle and force it to call more and more upon its reserve energy. 
When the heart is unable to pump sufficient blood into the systemic 
circulation, the condition is known as myocardial insufficiency. The pa- 
tient develops cardiac decompensation. 

Disordered Rhythms of the Heart. — Sinus Arrhythmia is a condition 
in which the discharge of impulses begins as usual in the sinoauricular 
node but, although the strength of the beats is unaffected, their rate 
varies, generally in accordance with respiration. There is usually an 
increase in the rate of the heart during inspiration and a decrease 
during expiration. This is physiological, particularly in young persons; 
it has no unfavorable significance and does not call for treatment. 

Premature Beats or Extrasystoles may arise in any part of the heart 
and is the result of local hyperirritability. 

When If systole occurs, the subsequent normal sinus stimulus occurs 
during the refractory period, and hence does not cause a beat. The beat 
caused by the extrasystole is smaller than the normal pulse and may 
not be felt at the wrist. Extrasystole is the most common form of 
arrhythmia, and is often due to functional disturbances, tobacco, etc. 
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Premature contractions are usually not necessarily of serious signifi- 
cance and do not carry a poor prognosis. Sometimes, however, premature 
contractions are indicative of damaged heart muscle. This type of extra- 
systole becomes more frequent on exercise, whereas the benign will dis- 
appear. Digitalis in full dosage may produce premature contractions. 
In the presence of digitalis administration premature contractions call 
for the stoppage of the drug. 

Auricular Fibrillation , — This is an irregularity of the heart’s action 
due to irregular impulse formation in the auricle. The auricles beat 
at a rate of 200 to 350 per minute, but as some degree of heart block 
is usually present, the ventricles beat at the rate of about 100 to 150 
times. Most English and American authors regard auricular fibrillation 
as the result of a circus rhythm traveling over the auricle in an irregu- 
lar manner. Continental writers mostly adhere to the idea that it is 
caused by multiple foci of increased irritability, giving off impulses at 
an irregular rate and interfering with each other. 

The pulse in auricular fibrillation is characterized by complete irregu- 
larity. It is almost always rapid. A pulse deficit, the difference 
between the pulse beats at the wrist and at the apex, is nearly 
always characteristic of this condition. Digitalis therapy produces 
miraculous results in this condition. Digitalis or strophanthin acts 
by creating a block at the auriculoventricular junction, thus pro- 
tecting the ventricle from the irregular impulses from the auricle. 
Quinidine sulfate is also of value and acts by reducing the irritability 
of the heart muscle. 

Auricular Flutter , — ^In this condition the auricles beat very rapidly 
but regularly. The auricles may contract from 200 to 400 times a 
minute and about one-half to one-third of these beats get through to 
the ventricles. It is thought by most authors to be caused by an im- 
pulse traveling in a more or less circular course about the orifices of the 
great veins — a circus rhythm. The ratio between auricular and 
ventricular beats is usually two to one, with a ventricular rate of 
from 120 to 170 per minute. Digitalis and quinidine sulfate are also 
used in the treatment of this condition. 

Paroxysmal Tachycardia , — This condition consists of suddenly oc- 
curring attacks of very rapid heart action. The attacks have an 
abrupt beginning and ending, are accompanied by restlessness and 
exhaustion, and last from a few minutes to several days. During the 
attack the pulse rate may rise to 140, 160, 180, or more beats per 
minute. There are two types of paroxysmal tachycardia, the 
auricular and the ventricular. 

An attack may bo stopped (% of tho cases) by pressure on the 
vagus or stimulation of the vagus by pressure on the eyeball. Pressure 
should be applied over the carotid pocket and then followed by pres- 
sure over the eyeball. Mecliolyl chloride is useful in terminating 
attacks of paroxysmal tachycardia. Quinidine is of some value in this 
condition. Digitalis or strophanthin may be used in very persistent 
cases, but such use is not unattended by danger. 

General Methods of Treatment. — ^The general methods of treatment 
used in cardiac failure are rest, drugs, and diet. Psychotherapy and 
removal of focal infection are also important measures used in the 
treatment of heart disease. 

Best is perhaps the most important single therapeutic measure that 
can be instituted for the relief of the patient with cardiac disease. 
Best, however, to be effective must be complete, mental and physical. 
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and must be prolon^d. In acute heart failure morphine should be 
used liberally to obtain needed rest. 

Diet , — In general , in the presence of hearty failure the diet should 
be somewhat restricted. A fairly balanced diet, with a total caloric 
value of approximately 1,500, is recommended, it should be made up 
of vitainiiis, particularly vitamin B,. Hodium chloride should be used 
sparingly. The fluid intake for twenty-four hours should not exceed 
1,500 cc. Easily digestible dairy products, chicken, liver, and eggs 
are to be rec-ommended. 

Drugs. — Although rest is the most important therapeutic measure in 
the treatment of heart failure, many drugs are of value in cardiac 
therapy. Drugs commonly used in the treatment of cardiac disease 
include: cardiac stimulants, i.e., digitalis; cardiac depressants, i.e., 
quinidine. Other drugs, such iis the diuretics, morphine, atro^ie^j^l 
tlie vasodilators may be useful. 


THE DIGITALIS GROUP 

Digitalis treatment is one of the most important and 
serious duties of the general physician; it demands a great 
deal of skill, power of observation, keen interest, and ex- 
perience. A long life is too short to learn enough about this 
wonderful drug. * * — Wenckebach. 

The ^'digitalis group embraces many crude drugs and proximate 
principles which have a peculiar action on cardiac muscle. Since 
digitalis is the most important member of this group and possesses 
the characteristic actions of the group, the drugs are called the 

digitalis groups' or “digitalis series. “ Unfortunately, every one 
of them has many side reactions, no two have the same total con- 
stituents or any single constituent in the same proportion. The most 
important plants belonging to the “digitalis group are: 

Digitalis purpurea (purple foxglove). 

'Digitalis lanata and lutea. 

jStrophanthus hispidus or kombe (an African arrow poison). 

‘ Scilla maritima (squill, or sea onion). 

The less commonly known plants of this group are cohvallaria, 

apocynum, hellebore, oleander, adoni.s, and others. The principal source 
of the pharmacopoeial preparations of <ligitalis is the leaves of* Digitalis 
purpurea. 

Historical. — Digitalis was first used as an emetic and diuretic. 
Withering (1775) showed it to be “specific for dropsy “ but did not 
associate digitalis with heart disease. His “Account of the Foxglove 
and Some of Its Medical Uses, With Practical Remarks on Dropsy 
and Other Diseases,” appeared in 1785. This account is very interest- 
ing and instructive. Many of the principles of modern digitalis therapy 
are laid down in these pages. 

For many years after Withering ^s death, the use of digitalis 
was neglected. Scientists of that day observed that digitalis caused 
an increase in the strength of contraction in the frog heart. They 
also observed that it prolonged diastole, and that it tended to improve 
the nourishment of the heart. Traube, Schmiedeberg, and others ex- 
plained the action as being due to its action upon the inhibitory 
centers in the medulla. 

Early in the present century new methods of study carried out by 
such men as James Mackenzie, Einthoven, and others have done 
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much to furnish us with the method of action of digitalis in heart 
disease. Mackenzie elucidated its beneficial effect in auricular 
fibrillation. In 1903 Einthoven began his epoch*making studies 
the electrical mechanism of the' heartbeat with a delicate string gal* 
vanometer. The correct understanding of the action of digitalis was 
greatly aided by the use of this apparatus. 

Properties of Digitalis Group. — The digitalis group embraces many 
crude drugs and proximate principles wliich have a characteristic action 
on the heart muscle. Most of the principles found are derived from 
digitalis, strophanthus, and squill. 

Digitalis and digitalisdike principles may bo administered by mouth 
or injection. Although the cardiac action of the group as a whole is 
quite similar, wide differences exist in regard to their absorption, cumu- 
lative action, and emetic action. 

Digitalis contains a mixture of glycosides, some of which are rapidly 
and Ofhers poorly absorbed from the gastrointestinal tract. After an 
oral dose of digitalis leaf, about one-fifth of the potent principles are 
absorbed, as shown by the fact that it requires about one-fifth as much 
for intravenous as for oral administration to produce the same results 
(Gold, 1947). Whereas about 20 per cent of preparations of digitalis 
leaf is absorbed in the gastrointestinal tract, practically 100 per cent 
of digitoxin is absorbed. It has been shown that about 10 per cent of 
an oral dose of lantoside 0. is absorbed from the gastrointestinal tract. 
The potent principles of strophanthus are so poorly absorbed that they 
are undesirable for oral use and are used chiefly by intramuscular or 
intravenous injection. 

All the digitalis bodies are cumulative, but do not show the same de- 
gree of cumulation. This action is especially pronounced in case of the 
digitalis leaf and digitoxin, while it is mucli less with strophanthin. 

The fiM^quency of repetition of the intravenous dose of the various 
digitalis preparations vary widely, even with those of equal potency. 


Cardiac Glycosides 

There are sixteen or more glycosides in digitalis. The three 
which have been isolated chemically pure from the dried leaves 
of the official THffiialis purpurea are digitoxin (crystalline), gitalin 
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( amorphous ); and gitoxin. Digitalis also contains saponins 
Ldigitonin, digitsaponin. and gitonin), which do not produce the typical 
dirdiac effects, but which probably modify the solubility of the other 
principles. The cardiac glycosides are conjugation products of sugars 
and nonsugars. The nonsugar portions are known as aglycones or 
genins^ closely related in the different principles of the various plants, 
composed of a cholanic (cyclopentane phenanthrenic) nucleus with 
seventeen carbons and an unsaturated lactone side chain with four or 
five carbons which are essential to its action. 

The aglycones (or genins) are chiefly responsible for the digitalis 
actions. The sugars influence penetration. The aglycones are gener- 
ally less active on the cardiac muscles than are the corresponding glyco- 
sides. The glycosides, however, possess a long persistent action, and 
are characterized by a latent period before they act. 

As previously mentioned, digitoxin, gitoxin, and gitalin have been iso- 
lated from Digitalis purpurea. On complete hydrolysis, they give the 
aglycones — digitoxigenin, gitoxigcnin, and gitaligenin. (Table XX.) 

Table XX 

Chemical Relationships of the Glycosides of Digitalis Purpurea 


Purpurea glycoside A — — - 
Purpurea glycoside B — 
Glycoside ? 


Digitoxin 

Gitoxin 

Gitalin 


-.3 digitoxose ^ . 

Digitoxigenin 

“.*1 digitoxose 

Gitoxigenin 

-2 digitoxose 
Gitali genin 


Three glycosides have been isolated from Digitalis lanata, lantoside-A, 
lanatoside-B, and lanatoside-C, which on partial hydrolysis yield digi- 
toxin, gitoxin, and digoxin, respectively. 

Table XXI 

Chemical Relationships of the Glycosides of Digitalis Lanata 


^ ^ -(CH3COOH glucose) . . -3 digitoxose 

Lanatoside A Digitoxin Digitoxigenin 

^ ^-(CHaCOOH glucose) ^ -3 digitoxose 

Lanatoside B Gitoxin Gitoxigenin 

^ -(CHsCOOH glucose) . -3 digitoxose 

Lanatoside C Digoxin Digoxigenin 


Digitoxin is probably the most important principle of the digitalis 
leaf (0.20 to 0.40 per cent). This principle does not occur in the seed. 
It was isolated by Nativelle (1869). Digitoxin occurs as crystals, is 
soluble in alcohol and in chloroform, and difficultly soluble in water 
when pure. Its solubility, however, is greatly modified by the presence 
of other principles, especiall^r the saponins. 

Gitalin, the amorphous digitalis principle, is soluble in water and 
more soluble in chloroform. It is about 360 times as potent as digitalis 
leaves. 

Gitoxin has also been isolated and its formula established. 

Action on Myocardium. — ^Digitalis action on the heart muscle is 
of greatest therapeutic importance. Such observers as Christian 
(1919), Luten (1924) and others, hold that digitalis is of value in 
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congestive heart failure by virtue of its direct action to increase 
the force of myocardial contraction rather than due to its action on 
cardiac rhythm. 

Digitalis acts on the cardiac muscle to increase the force of systolic 
contraction. This causes the ventricles to empty more completely, 
and the heart is thus enabled to handle an increased venous return. 
If the venous pressure is high due to congestive failure, this pressure 
is lowered. 

1. Action on Heart Bate, — Therapeutic doses of digitalis produce no 
significant slowing of heart rate in the diseased or normal heart. Con- 
gestive heart failure in man is often relieved by digitalis without 
evidence of cardiac slowing. Furthermore, if slowing does occur, it 
usually occurs some time after beneficial results have been observed. 
Thus one must conclude that improvement in heart failure is not de- 
pendent primarily on cardiac slowing. 

2. Action on Conduction System. — Slowing of conduction between 
the auricle and ventricle occurs in both normal and decompensated 
hearts following therapeutic doses of digitalis. A prolongation of the 
auriculo-ventricular interval to three-tenths of a second may result 
from digitalis. This effect is best determined by the * ‘ electrocardio- 
gram^' and indicates stoppage of the drug. If slowing does occur it is 
partly vagal in origin but mainly is due to direct action of digitalis on 
the conduction bundle. These factors may tend to hinder the auricular 
impulses from reaching the auricle. 

3. Tonicity and Contractility. — ^Digitalis has an important effect on 
the tonicity and contractility of the myocardium. By tonicity of muscle 
wo mean its property of maintaining a state of partial contraction 
during its resting period, while by contractility we mean its power to 
contract against resistance. In a heart with hypotonicity and hypo- 
contractility the ventricular chambers are dilated and weak, so that in 
diastole the muscle is stretched beyond the normal by the venous in- 
flow, and in systole is contracted feebly. This results in a decreased 
output of blood. With digitalis there is produced an increased con- 
tractility of the cardiac muscle, accompanied by more powerful and pro- 
longed contraction. Besides the increase in contractility there is also 
a tendency toward the restoration of cardiac tonus. Under such con- 
ditions there is an increase in blood flow, although the cardiac rate 
with sinus rhythm is unaltered. The fluoroscope may even reveal a 
decrease in size of the heart and a marked ventricular contraction. 

4. Irritability. — Digitalis increases the irritability of the heart, 
producing a condition of overexcitability of the myocardium which 
often results in auricular or ventricular premature beats, and in high 
overdosage paroxysms of ventricular tachycardia, auricular or ventricu- 
lar fibrillation, and auricular flutter. If auricular or ventricular 
fibrillation does occur, the patient usually dies eventually as the result 
of ventricular fibrillation. 

5. Action on Heart Size. — Careful study of roentgenograms indicate 
that both normal and decompensated hearts decrease in diastolic size fol- 
lowing digitalis therapy. This decrease in size has been attributed to 
various factors. Some attribute it to an increase in tone, others ascribe 
it to an increased systolic force of contraction. Space will not allow 
detailed discussion of this question. 

Therapeutic Benefit From Digitalis is achieved in one or all of the 
following ways according to Stroud (1940) ; 

1. By slowing the heart rate, that is, by lengthening the- number of 
ventricular systoles per minute, the diastolic period is lengthened, 
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whereby ventricular filling is rendered more complete, and the^ heart 
muscle libers are afforded more rest. Therefore, greater expulsion of 
blood into the circulation with each systole may result. ^ 

2. By increasing the cardiac tone, thereby relieving or preventing 
dilatation of the heart chambers beyond the physiologic unit, the op- 
timum cardiac output is made possible. When the length of the heart 
muscle libers is increased beyond a certain limit, the cardiac output 
is decreased and ‘ ^ heart failure ’ ^ is believed to result. Restoration of 
the fibers to a shorter length is a factor in bringing about an increase 
in cardiac output, with the possible return of circulatory efficiency. 

3. Through increase of the extent of ventricular contraction, there 
tends to be an increase in cardiac output when heart failure is present. 



Fig. 20. — Tracing showing the action of 1 mg. of digi toxin on the blood 
pressure and respiration in a dog. Slow drum. (From Jackson: Experi- 
mental Pharmacology and MateHa Medica.) 

Action ox Blood Vessels. — For years, controversy has existed as to 
whether or not digitalis has a direct elfect on the blood vessels of man. 
Eggleston (1917) after reviewing the literature on this subject indicated 
that the bulk of the evidence is against such action. Pharmacological 
investigations have demonstrated again and again, however, that in 
animals digitalis in large amounts causes u constriction of the arterioles. i 
\ This is due mainly to the direct action of the drug upon tlie muscle in 
^ the vessel wall. 

Effect on Coronary Arteries , — There is a great deal of evidence to 
show that .digitalis has a tendency to constrict the coronary vessels,; 
many deny this tendency. In summarizing the results of experimental 
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work with digitalis Cushny^s (1925) conclusion was; ‘‘In the smaller 
quantities used in therapeutics, digitalis has not been shown to affect 
coronary circulation.’^ , 

Effect on the Hepatic Vein . — Dock and Tainter (1930), using “full 
therapeutic doses for man,'^ concluded that digitalis causes a constric- 
tion of the hepatic vein in normal dogs. They believe that the diminu- 
tion of cardiac output observed in normal men may be partly accounted 
for by a lessened inflow so produced. The validity of their conclusions 
has been questioned by some in view of the fact that in human beings the 
hepatic vein possesses but little smooth muscle. 

Action on Blood Pressure and Respiration. — Experimental results 
seem to indicate that in normal men therapeutic amounts of digitalis 
exercise no great effect on blood pressure. Experimental administration 
of digitoxin to dogs shows a rise in blood pressure accompanied by an 
increase in depth of respiration. (Figs. 20, 21, and 22.) The rise is 
due partly to the increased output of the heart, but mainly to vaso- 
constrictor action of the arterioles, especially of the intestinal vessels. 
Available clinical evidence substantiates this view. There is probably 
a tendency for the systolic pressure to rise, but this may be more 
than compensated for by reflex adjustments. The rise, when it does 
occur, occasions no great concern and constitutes no contraindication 
to the administration of the drug to patients with hypertension. 

Action on Kidneys. — ^Digitalis was first used as a diuretic. It 
is now thought to have little direct action on the kidneys, 
the diuresis being accredited to improved circulation. On the 
other hand, Cloetta feels that digitalis is a true diuretic with 
specific action on renal epithelium. Withering used it only in 
dropsy cases, not recognizing its heart action at the time. Al- 
though the question is still open for investigation, many feel that 
the diuretic action is secondary to the improved blood flow. Clin- 
ically, however, diuresis occurs only in congestive heart failure and does 
not follow the administration of digitalis in normal individuals, nor in 
patients with edema due to nephritis not associated with heart failure. 

The diuretic action is summarized by Eggleston as follows; “It is 
clear then that the diuretic action of digitalis in man is essentially sec- 
ondary to its capacity to relieve heart-failure and restore the circula- 
tion; and when it is effective in edematous cases of heart-failure, it is 
often one of the earliest manifestations of the action of the drug, 
though other evidences can be detected if looked for.” 

Action on the Gastrointestinal Tract. — Anorexia, nausea, and 
vomiting are common gastric symptoms associated with digitalis 
therapy. Diarrhea occurs occasionally. Vomiting, which is often pre- 
ceded a few days by anorexia, may be considered a valuable sign of 
digitalis toxicity, and is a warning that the drug should be stopped. 

The emetic action may be attributed in part to the irritant action 
on the gastric mucosa, and also in part to the vomiting center (Hatcher 
and Eggleston). The seat of this action also is thought to be the heart. 
The emetic action is roughly proportional to the cardiac effects of the 
various members of the digitalis group and when this undesired action 
is induced, it cannot be avoided by changing the route of administration 
or by trying other members of the group. In such a case the patient is 
overdigitalized and the size of the dose should be reduced. 

Action on Central Nervous System. — The action of digitalis in 
therapeutic doses is confined largely to the stimulation of the vagus 
center.. Toxic doses may stimulate the vasoconstrictor and respiratory 
centers, and occasionally the vomiting center. The cerebrum may be 
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Htimulated by increased circulation. Headache, drowsiness, mental^ con- 
fusion, and visual disturbances are common manifestations^ of digitalis 
poisoning. The bulk of the evidence indicates that vomiting is reflex 
in origin. 

Toxicology. — Poisoning by digitalis is usually duo to accidental 
therapeutic overdosage. Fatalities rarely occur with divided doses 
by mouth. Usually, death has been due to a single massive dose or 
to large doses intravenously. Suicidal and homicidal cases are rare. 
Occasionally digitalis has been taken during military service for the 
purpose of malingering. 

Every physician should understand the toxic effects of digitalis. 
The earliest symptoms of digitalis poisoning are nausea and vomiting^ 
the vomiting frequently being preceded by a day or more of anorexia, 
headache, and vertigo. All active preparations of digitalis will cause 
gastric disturbances. In patients who are seriously ill the range 
between the therapeutic dose and the toxic dose seems so narrow that 
effective doses are usually attended by nausea and vomiting. In 
severe congestive heart failure vomiting may be associated with 
severe splanchnic congestion and not be due to digitalis. Vomiting of 
this type usually occurs shortly after administration of digitalis and 
disappears with improvement of heart action. 

The following is a list of important toxic manifestations which may 
be associated with digitalis therapy. 

Gastrointestinal: Nausea, loss of appetite, vomiting, diarrhea. 
Circulatory: Extrasystoles, coupled rhythm, ventricular tachy- 

cardia, partial or complete heart block, stimulation 
of any of the other spontaneous arrhythmias, di- 
minution in secretion of urine, cold extremities. 
Nervous: Headache, drowsiness, mental confusion, visual dis- 

turbances. 

Patients receiving digitalis are usually sensitive to epinephrine and to 
intravenous calcium. These drugs should be avoided during digitalis 
therapy. 

The postmortem findings are not characteristic. It is impossible to 
estimate what amount of digitalis preparation constitutes a fatal dose, 
since it depends on the rate of absorption, upon recent administration, 
and upon individual reactions. Kecords show 2.5 grains have caused 
death. The fatal period is usually two days, but may be prolonged to 
two weeks. There are reported cases of poisoning from 1 mg. of 
strophanthin administered intravenously. 

Treatment. — Signs of toxicity require that digitalis be stopped for 
twenty-four hours or until these signs disappear. Toxic effects can 
be minimized by smaller dose.s, by longer intervals between doses, and 
by more accurate knowledge regarding previous digitalis medication. 
If the poison is still in the stomach, remove it by emetic or 
gastric lavage, with potassium permanganate, 0.1 per cent (1:1,000), 
or tannic acid, 1 per cent. An ice cap, or hot water bottle, may 
give relief to palpitation of the heart. The patient must be kept 
quiet and warm. Atropine, sodium nitrite, and quinidine are of 
no value in the treatment of digitalis poisoning; atropine will not 
abolish severe irregularities, nitrites may accenti^ate a partial col- 
lapse, and quinidine is actually dangerous in digitalis poisoning. In 
severe cases the blood pressure is likely to be lowered, but the idea 
that local vasoconstriction in the cerebral or coronary vessels may 
occur has no basis. Sodium bromide or sodium phenobarbital may 
be indicated to counteract the excessive irritability. 
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Digitalis Therapy 

The Uoxglove^a leaves, with caution given, 

Another proof of f ayoiiring Ileav ’n 
Will happily display; 

The rapid pulse it can abate; 

The hectic flush can moderate. 

And blest by Him whose will is fate. 

May give a lengthen VI day. 

William Withering. 

No more fascinating chapter in medical history has been writ- 
ten than that of the changing notions through the years con- 
cerning digitalis therapy. The drug has been used as an emetic, 
as an expectorant, as a speciflc for phthisis, and by Withering in 
cardiac dropsy. References to the literature of a few years ago make 
it apparent that our ideas in regard to the indications and the contra- 
indications of digitalis therapy are rapidly changing and at present 
leading opinion on the subject is not uniform. There is little question, 
however, but that digitalis is the most important drug in the treat- 
ment of heart failure. 

Digitalis is especially useful in the following conditions; 

1. Congestive heart failure, v 

2. Auricular fibrillation. 

3. Auricular flutter, 

4. Tonic doses for mild cardiac improvement associated with renal 

disease and the senile heart. 

5. As a therapeutic test to detect mild congestive failure. 

1. OoNOKSTiVE Heart FAiriiiUE. — Digitalis administration should be 
begun immediately. In failure with regular rhythm, the digitalis acts 
primarily on the heart to increase force and efficiency of contraction. 
It may act, in part, to constrict the hepatic veins, decreasing venous re- 
turn to the already eml)arraH.sed heart. If due to auricular fibrillation 
or flutter, digitalis ads additionally by increasing the degree of heart 
block and, thus, slowing of the ventricles. 

Administer a large dose of digitalis over a brief period to saturate 
the patient quickly to a therapeutic level. Then give a sufficient dose to 
maintain the proper concentration. If the powdered digitalis leaf is 
used, about 1 to 1.5 Um. may be nec'detl to saturates an adult when given 
over a forty-eight-hour period. Administer in divided doses: 0.4 Gm. 
for initial dose, and 0.2 Gm. every four hours th(*reafter for three or 
four doses until patient shows improvement. 

More recently, purifietl glycosides of digitalis have been found satis- 
factory for clinical use. Digitoxin may be {ulmlnistered orally, giving 
a full digitalizing dose, 1.2 mg. (%o of digitoxin with minimal 

prospects of gastrointestinal irritation by virtue of the small bulk of 
drug required to produce the desire<l effect. The daily maintenance 
close is usually 0.2 mg (%oo guiin). In a few patients 0.1 mg. is satis- 
factory, and some of the more tolerant patients require as high as 0.3 
rag. or more daily. 

It is seldom necessary to administer digitalis parenterally. If vomit- 
ing is present, or if the situation is so grave that prompt action is re- 
quired, administer a digitalis glycoside by vein. Since ouabain, when 
given intravenously, attains its full effect in two hours, it is the prepara- 
tion of choice. An initial dose of 0.3 mg. grain) given intra- 

venously may be followed by intravenous injections of 0.1 mg. (%oo 
grain) at intervals of two or three hours until a satisfactory therapeutic 
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effect is attained. Bear in mind that a dose pf three to five cat units 
of lanatoside C, or digitoxin, will produce a satisfactory digitalis effect 
when given intravenously but the action of these compounds is less 
prompt than that produced by ouabain when similarly administered. 

Other specific measures must not be neglected in the treatment of 
acute heart failure. Mor%}hinc (10 to 15 mg.) may be indicated to quiet 
the patient, also to slow respiration and decrease dyspnea. Venesection 
with removal of 500 to 700 cc. of blood may be a second valuable 
measure. Inhalation of ox 3 ^gen ma\’ be indicated to supplement the 
treatment. 

2. AuKiuuiiAU FiURiLLATioN. — Striking results follow the use of 
digitalis in the treatment of auricular fibrillation and the reputation of 
digptalis as a remedy for cardiac disease was due chiefly to its beneficial 
action in this type of arrhythmia. 

To understand the action of digitalis in this condition we must remem- 
ber that in auricular fibrillation there is a self-perpetuating ring of 
excitation about the mouth of the vena cava in the right auricle re- 
sulting in a rapid, incoordinated auricular action of from 400 to 600 
beats per minute and a ventricular rate of from 90 to 100 beats per 
minute. In this condition digitalis is used to obtain a restraining effect 
upon the conduction time between auricle and ventricle, i.e., to produce 
a partial heart block so that the abnormally great number of impulses 
from the fibrillating auricles can reach the ventricles only at longer 
intervals. The ventricle is therefore slowed down and steadied, and as 
a result the heart’s action becomes more efficient and circulation im- 
proves. 

Digitalis should be given in auricular fibrillation in full therapeutic 
doses. In this condition digitalis therapy usually has to be continued in- 
definitely. The effect of digitalis upon these cases is miraculous. The 
ventricular rate falls rapidly, the urinary secretion increases, and conse- 
quently dropsy disappears; the dyspneic condition improves and after a 
few weeks the patient is able to be up and around, and may even do light 

Young patients with auricular fibrillation usually respond more favor- 
ably to digitalis than do older arteriosclerotic patients. This can, no 
doubt, be attributed to the impairment of conduction between the 
auricles and ventricles often present in older patients, and to the pres- 
ence of pathological changes in the myocardium. 

A fibrillating heart may be seriously damaged. When the damage 
18 slight, and especially in the fibrillation of hyperthyroidism persisting 
after thyroidectomy, an attempt to restore regular rhythm may be made, 
using quinidine sulfate. . 

3. Auricular Flutter. — Auricular flutter is much less common than 
auricular fibrillation but is of somewhat similar physiological na- 
ture. In auricular flutter the auricle usually beats about 300 
times per minute, while the ventricle responds to every two or three 
auricle beats. The response of the ventricle may differ in different 
patients or even in the same patient at different times; sometimes the 
ventricles may respond to every beat of the auricles, sometimes to every 
other beat, sometimes to every third or fourth beat. 

Full digitalization should be instituted at once in order to block 
the bundle of His and protect the ventricle from rapid stimuli coming 
from the auricle. Digitalis is of value because of its ability to transform 
flutter to fibrillation in many instances, with restoration of normal 
rhythm on discontinuing its use. If there is a likelihood that the 
arrhythmia may return, quinidine may bo given in doses of 0.2 Gm. 
(3 grains) three or four times a day. 
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4. Tonic Doses. — Digitalis is probably of value in the elderly patient 
with myocardial weakness and mild symptoms of failure, presumably by 
increasing the water content of the heart muscle. Christian advocates 
the continuous administration of digitalis in cases of cardiac enlarge* 
ment, particularly in older people. Many physicians regard digitalis as 
indicated in hypertension, especially when associated with cardiac en- 
largement. It has been suggested (Cloetta) that digitalis be admin- 
istered in certain cases of valvular disease unaccompanied by signs of 
cardiac insufficiency. 

Erickson and Fahr (1945) placed a group of patients with clinically 
compensated, but organically diseased, hearts on a maintenance digitalis 
dosage and felt that the condition of the hearts was improved. Levine 
(1945) felt that this type of therapy was up to question. He believes 
that if the heart is not dilated its output may be diminished by digitalis. 
Until more evidence has been accumulated, however, routine admin- 
istration of digitalis in unselected cases of chronic valvular disease 
and other conditions is to be advised against, as it would only' lend to 
the confusion of the problem and delay final solution. 

5. Therapeutic Test. — The effects of digitalis in heart failure are 
specific, hence, it is a valuable therapeutic test in certain heart con- 
ditions. The prompt disappearance of symptoms, after its proper use, 
suggests heart failure as the cause. The degree of improvement follow- 
ing digitalis therapy indicates the degree ot* the myocardial damage to 
a certain extent and is therefore of prognostic value. 


Table XXII 


FUNCTION 

DIGITALIS 

VAGUS 

STIMULATION 

QUINIDINE 

Tonus 


Increased 

Decreased 

Decreased 

Contractions 

Stronger 

Weaker 

Weaker 

Refractory 

phase 

Conduction 

Longer 

Shorter 

Longer 

Stronger but 
slower 

Faster but 
weaker 

Slow and weak 

Partial heart 

Exaggerated 

Exaggerated 

Probably exag- 

block 


by long re- 
fractory 
pause 

by weak con- 
duction 

gerated by 
long refrac- 
tory pause and 
poor conduc- 
tion 


rAur. 

May be de- 

Increased by 

Decreased by 


rate 

creased by 

shortened re- 

lengthened re- 

Auricu- 

lar 

Fibril- 

lation 


lengthened 

fractory 

fractory 


refractory or 
increased by 
heightened 
irritability 

period 

period 
and dimin- 
ished excita- 
bility 


Ventr. 

Slowed by 

Slowed by 

Slowed by 


, rate 

lengthened 
refractory 
period of 
bundle 

weak con- 
duction 
bundle 

lengthened re- 
fractory pe- 
riod and di- 
minished ex- 
citability of 
bundle and 
muscle 
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Use in Special Cardiac Lesions. — In various cardiac lesions the 
indications for the use of digitalis arise only when compensation fails. 
In mitral stenosis lengthening of the auriculoventricular pause may 
permit better emptying of the auricle. In aortic insufficiency digitaliza- 
tion is not contraindicated. In high hlood pressure digitalis may be of 
little use, but this condition does not contraindicate its use. In auricu- 
lar fibrillation with myocardial infarcts digitalis generally is harmful 
(Askey and Neurath, 1945). 

The contrasting action of digitalis and quinidine is admirably por- 
trayed in Table XXII (Sollmann, 1948). 

Doubtful Indications. — Myocardial Insufficiency. — In conditions in 
which normal rhythm suffers from congestive failure, the use of 
digitalis may be very beneficial. The exact manner of action is in 
doubt, but it seems to be effected through the increase in cardiac out- 
put due to direct action on the cardiac muscle. 

Extrasystoles. — Extrasystoles are signs of hyperexcitability, and since 
digitalis produces extrasystoles, it would appear that digitalis 
would be harmful. But clinical results have shown that digptalis may 
cut off the effect of auricular extrasystoles on the ventricle and even 
abolish both auricular and ventricular extrasystoles. The use of digi- 
talis to control spontaneous extrasystoles appears at present to have a 
restricted place. 

Paroxysmal Tachycardia. — Although digitalis can produce this con- 
dition, nevertheless, in certain cases of supraventricular (nodal or 
auricular) origin the drug may stop the attack. Carotid sinus pres- 
sure may be tried first. Mecholin often in dosage of 20 to 40 mg. 
QA to % ™8,y be used effectively in obstinate cases. In a few cases, 

especially in infants, digitalis does, however, have a favorable inhibitory 
effect (P, D. White, 1941). 

Pulsus Alternans. — The pre.sence of this condition does not contrain- 
dicate digitalis therapy. Benefit may follow digitalis administration, 
but great care must be exercised in its administration, as the therapeutic 
and toxic dose are close in this condition. 

Coronary Thrombosis. — Digitalis is thought to have no value in the 
treatment of coronary thrombosis. By increasing the force of systolic 
contraction there is the possibility of augmenting the damage already 
present. On the other hand, digitalis may be of value in relieving the 
pain of coronary thrombosis by improving circulation. 

In cases of incomplete heart block in which Adams-Stokes seizures 
occur, digitalis action may tend to induce attacks by increasing the 
block; the improvement from digitalis, however, may tend to lessen the 
attacks. It is therefore apparent that no hard and fast rule regard- 
ing its use can be formulated. The possibility of causing Adams-Stokes 
attacks must be recognized, and against this must be weighed the 
probability of beneficial muscle action. On the other hand, in complete 
heart block, real benefit may result from improvement in tonus and by 
increasing the amplitude of cardiac contraction. Complete heart block 
constitutes no contraindication to digitalis, but it usually implies 
an extensive myocardium lesion, and hence great care in digitalis 
administration is warranted. The optimum dosage must not be ex- 
ceeded. 

Exophthalmic Goiter. — The tachycardia of goiter does not respond 
to digitalis. It would seem that digitalis is contraindicated in this 
condition because it would have a tendency to augment the irritation 
of an already irritated cardiac muscle. Naturally when auricular fibrilla- 
tion and congestive heart failure are superimposed on the condition, 
digitalis would be indicated. 
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Pneumonia. — There is no evidence to substantiate the conception that 
the mortality rate in lobar pneumonia is reduced by routine digitaliza- 
tion. In fact, there is some evidence to indicate that the mortality 
rate is increased among those patients receiving digitalis. In an ad- 
mirable review of the question of the routine employment of digitalis 
in pneumonia, Treiman\s conclusions were that most of the symptoms, 
such as tachycardia, cyanosis, dyspnea, and cardiac dilatation, which 
might be classed as circulatory, ‘‘are due cither to physiological response 
or to causes other than cardiac,’* and that “the evidence available at 
present does not justify the routine use of digitalis in pneumonia.” 

Diphtheria. — The occurrence of cardiac damage by diphtheria consti- 
tutes no indication for digitalis. Moderate amounts of digitalis might 
even be harmful when superimposed upon the effects of diphtheria toxin 
upon the heart. 

In Valve Defects. — The status of the myocardium and not the valve 
lesion determines whether digitalis is indicated. Certain valve defects, 
however, such as aortic lesions, respond with poorer results than do 
mitral lesions. This may be explained in part by the fact that many 
aortic lesions are syphilitic in origin and are relatively refractory to 
digitalis while many of the mitral lesions are rheumatic in origin and 
are associated with auricular iibrillation. 

In Shock. — The tendency to administer drugs in shock should be dis- 
couraged, as the mechanism of peripheral circulatory failure is entirely 
different from that of heart failure. Therapeutic amounts of digitalis 
have no important vasoconstrictor effect and have little consistent ef- 
fect on blood pressure. The available evidence seems to indicate that 
digitalis is harmful, for the systolic discharge of normal hearts is les- 
sened by digitalis, and shock, as we now understand it, implies no 
cardiac effect. 

Routine Administration Before Operation. — Digitalis has been admin- 
istered as a preoperative routine, insuring its availability in case it were 
needed. It was hoped that such conditions as tachycardia, abnormal 
rhythms, shock, and other untoward conditions might then be guarded 
against. With our present knowledge, however, it appears that the 
rationale of such usage is erroneous and that, in addition, its use is 
actually contraindicated. Since simple tachycardia, unassociated with 
heart failure, cannot be expected to yield to digitalis therapy and 
since the lowering of circulation rate in cases without heart failure 
is detrimental, no valid reason is at hand to warrant its use in surgery. 
In cases of auricular fibrillation or flutter, or congestive heart failure 
with normal rhythm, digitalis may be part of the necessary treatment 
to secure the best possible circulatory efficiency before operation. 

In Septicemia. — The objections cited in the preceding sections relating 
especially to the use of digitalis in shock, as a preparation for op- 
eration, and in rheumatism apply in general to its use in septicemia and 
in other toxic states. Such employment of digitalis rests upon the hope 
rather than upon expectation of benefit. 

Digitalis Contraindications. — Apparently there are few, if any, con- 
traindications to the use of digitalis. Cl old (1942) made the state- 
ment that there are no contraindications to the use of digitalis. 

Methods of Digitalis Administration. — There is no fixed method 
which must be employed in the administration of digitalis j various 
rigid formulas for digitalization should not be adhered to too closely. 
Despite the long usage of digitalis it is probably the most misused 
drug in present-day therapeutics. Many physicians prescribe it on 
the mere suspicion of the existence of heart disease, regardless of the 
type of lesion or state of function of the heart. It must be remem- 
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bered that the intelligent use of digitalis requires a tliorough knowledge 
of the pharmacological action of the drug, a knowledge of when to 
administer the drug, and how to administer the drug. 

Dosage. — The therapeutic dose of digitalis varies widely with dif- 
ferent individuals. The advice of Withering still holds: “Let the 
medicine be continued until it either acts on the kidneys, the stomach, 
the pulse or the bowels; let it be stopped upon the first appearance 
of any of these effects. * ' 

Maintenance Dose. — A maintenance dose must be given daily in 
order to prevent elimination of the drug below the therapeutic 
level. This maintenance dose is approximately 0.1 Qm. (1^ 'grains) 
of the standard powder, or 1 cc. (15 minims) of the standard tincture 
(White). The maintenance dose has to be determined individually on 
the requirement of the patient. 

It must be remembered that the patient should not he subjected to 
arbitrary dosage in an attempt to force some anticipated result; it is the 
effect produced that must govern the amount to be administered to pro- 
duce the original digitalization and the amount necessary to maintain 
the patient at the proper therapeutic level. 

Table XXIII includes the maintenance doses of the various “Digi- 
talis Drugs. “ 

1. Oral Administration. — Many schemes of digitalization with the 
leaf, by mouth, are recommended. Probably the one most commonly em- 
ployed is as follows: Give 4^^ grains (0.3 Gm.) three times daily for 
the first day, and 1^4 grains (0.1 Gm.) three times daily thereafter 
until the optimal therapeutic effect or minor toxic symptoms appear. 
Thereafter, a dose of from 0.06 to 0.1 Gm. daily as a maintenance dose 
should suffice. 

When there is no urgency, digitalis may be given less rapidly. Pro- 
cedure: Administer 0.2 Gm. daily for about two weeks or until proper 
drug effect is secured. The dose is decreased to the maintenance dose 
of 0,06 to 0.1 Gm. daily. 

Oral Administration of Purified Glycosides. — Complete digitalization 
may bo secured with a single dose of the glycoside digitoxin which ap- 
pears to be totally and regularly absorbed (see Table XXIII). Pro- 
cedure: Administer a single dose of 1.2 mg. (six 0.2 mg. tablets) orally. 
Thereafter a daily administration of 0.2 mg. suffices for maintenance. 
Digitalization is achieved in a period of six to ten hours. Bememher 
dosage of this size can be employed only in patients who have not had 
digitalis for the preceding ten days at least. 

2. Intravenous Administration. — The sole object of intravenous ad- 
ministration is to save life until administration by mouth is feasible. 
Many intravenous preparations are now available. Crystalline ouabain, 
the glycoside obtained from Strophanthus grains, is the drug of choice 
in America. 

Various dosage schedules are used with good results. Most con- 
servative men give only one dose (^o grain, 0.5 mg.) of ouabain. No 
further digitalis is given on the same day, but oral administration of a 
digitalis preparation in maintenance doses should be begun the next day. 
Some clinicians (Batterman et al., 1940) give Vi20 gram (0.5 mg.) of 
ouabain intravenously and 10 grains (0.6 Gm.) of digitalis leaf by 
mouth (average adult). No further medication is given for twenty-four 
hours; then the proper maintenance dose is determined and admin- 
istered. 

3. Intramuscular Administration.— I f vomiting is severe and the 
intravenous route is contraindicated, digitalis may be given by muscle. 
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Ono of the older injectable preparations containing mixtures of glyco- 
sides may be preferable to the pure digitalis glycosides, as they are 
probably less irritant. 

4. Rectal Administration. — This route may be used when the oral 
route is not feasible. The absorption is at least as rapid as with the 
oral route, and the dosage is probably the same. One may employ 4 
cc. of the tincture in six ounces of saline every four to six hours. The 
drug has also proved effective in suppositories of about 0.2 Gm. 
(3 grains) strength. 

Dosage for Children: For a child weighing 50 pounds, Taussig 
(1947)* at Johns Hopkins Hospital gives the following: IMs grains 
(0.1 Gm.) as test dosej two hours later, 3 grains (0.2 Gm.) ; eight 
hours later, 3 grains again; and eight hours thereafter, 1% grains. 
If not digitalized at end of twentieth hour, continue 1% grain doses 
every six hours for one or two more doses provided there are no signs 
of toxicity, then place the chihl on maintenanc^e dosage. 

Digitalis Preparations 

Choice of Preparation. — No satisfactory answer is yet available 
as to the best digitalis preparation in the therapy of heart disease. 
Sollmann (1948) says: ^^The powdered standardized leaf (Digitalis 
Pulverata, TJ.S.P.), dispensed in tablets, is perhaps the best form of 
oral digitalis medication.’^ The following statement by Gold (1948) 
favors the purified glycoside: ^‘The use of digitoxin has greatly simpli- 
fied the problem of digitalization. I advocate it as the material of 
choice for routine digitalization and maintenance.” 

The practitioner would probably place the treatment of heart disease 
on a higher plane if he would confine his prescribing to the following 
three preparations: digitalis leaf, digitoxin, and ouabain. Other 
preparations may be equally as useful and some may even have special 
advantages, but in the present state of our knowledge it seems wise to 
gain a thorough experience with these outstanding preparations and 
not become confuse<l by thc^ multiplicity of proprietary drugs now 
available. It is probably true that the official leaf orally, and ouabain 
intravenously, will accomplish everything that can be accomplished in 
heart disease by drugs of this group. 

The Digitalis Unit.— The International Unit, ’ ’ which is official in 
the U.S.P. and B.P., corresponds to 0.1 Gm. of the IJ.S.P. standard 
reference powder. Since different samides of crude drugs vary so 
widely in potency, it is necessary to adjust their strength by bio- 
assay to uniform potency by comparison with an international ref- 
erence standard sample. 

-) Bio-assay. — The official method of bio- assay employs etherized cats 
as the test animal. The powdered drug (and the standard) are macer- 
ated in an alcoholic medium. The solution is infused in the femoral 
veins into lightly etherized cats in fractional doses five minutes apart 
until cardiac arrest occurs after thirteen to nineteen doses. At least, 
a dozen cats are required for a complete bio-assay. (Details given 
in the U.S.P.) 

The main criticisms of this method are that it is a measure of the 
toxicity of the preparations, which is not necessarily related to their 
therapeutic effect. Second, it employs intravenous injection, it entirely 
disregards absorbability, and therefore is misleading for oral dosage 
of different digitalis principles. Although the cat assay of U.S.P. dis- 
regards absorption, its potency agrees fairly well with the oral clinical 
assay but not for isolated principles. (Catell and Gold, 1944.) 
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The method of assay on human beings as devised by Catell and Gold 
at Cornell is probably the best method available, but the findings have 
not been completely confirmed angl this method requires extensive clini<ial 
facilities to provide a uniform group of patients. 

The purified glycosides, hniatoside CJ, obtained from Digitalis lanata; 
digoxin, also obtained from D. lanata; ami digitoxin, obtained from 
D, purpurea, being apparently chemical entities, can be identified by 
chemical means. Preparations of those compounds, however, must be 
standardized biologically against their respective U.S.P. reference 
standards since the amounts present in the accepted dosage forms are 
too small for chemical or physical identification. The U.S.P. Digitoxin 
K(d*erence Standard must be used to assay digitoxin biologically. 

Deterioration. — Powdered digitalis properly prepared appears to 
suffer little loss of potency with age. Haag and Hatcher found that 
powdered digitalis leaves are most stable, showing no deterioration 
after a period of sixteen years when stored in dry containers, and the 
official tincture remained unchanged for several years. The infusion 
(N.F.) is liable to deteriorate in strength, especially if not kept in 
sterile containers. Aqueous solutions of strophanthin and ouabain, when 
placed in soft glass ampules, may deteriorate, but when put up in 
hard glass ampules or with buffer solutions, no change occurs over long 
periods of time. 

U.S.P. Preparations of Digitalis. — The powdered standardized leaf 
(Powdered Digitalis, U.S.P.), dispensed in tablets, is perhaps the best 
form of digitalis for oral therapy. The U.8.P. Digitalis Tincture may 
have some advantage when the dose is being adjusted. It does not de- 
teriorate materially within a year. The injectable U.S.P. preparations 
are solutions of the partly purified water-soluble principles. They 
have no advantage over or<liiiary digitalis preparations for oral use. 
They have little advantage over ouabain or strophanthin for parenteral 
use, other than being more lasting. 

Preparations of isolated digitalis principhs found in the U.S.P. in- 
clude Digitoxin, Digoxin and Lanatoside C. Digitoxin is subject to 
the same precautions as is digitalis, but has the advantage that it is al- 
most completely absorbed and thus is nearly as effective by mouth as by 
vein. Digoxin shares the bitterns advantage over digitalis in being 
more completely absorbed by month. It is probably the most cumu- 
lative of the lanatosides, which are generally superior in this respect to 
Digitalis purpurea because of their rapid absorption and elimination. 
Lanatoside C is essentially the same as digoxin that represents the active 
residue of this lanatoside. It is likewise absorbed more completely 
on oral administration than the purpurea glycosides. 

Digitoxin and other purified preparations are satisfactory now for 
routine use and have the advantage over the leaf itself in that one may 
rely on the preparation quantitatively by weight without need of 
standardization except on each individual patient. 

It would appear that we are going through a transition period from 
the use of the digitalis leaf to the use of pure glycosides. The transi- 
tion has been very slow, however, for Nativelle, as long as one hundred 
years ago, produced the first purified glycoside (digitaline) which is 
our digitoxin of today. 

Proprietary Digitalis Preparations.— Several digitalis preparations 
have been introduced in therapeutic use with the claim that they are 
composed either of pure principles, or of purified extracts of digitalis, 
and that they are devoid of certain disadvantages possessed by the 
U.S.P. preparations. Without question, some of these preparations are 
of first-class quality, but there is no proof that any of these proprietary 
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preparations are more effective in the treatment the majority of cases 
of cardiac disease than are digitalis and its galenicals. (See N.N.R. for 


details.) 


Preparations 


Digitalis, Digitalis, U.S.P. (Foxglove, Digitalis folium P.I.). The 
dried leaves. Potency: 0.1 Gm. is equivalent to not less than 1 
U.S.P. Digitalis Unit (international unit). 

Powdered Digitalis, Digitalis Pulverata, U.S.P. Potency: 0.1 Gm. 
equivalent to 1 U.S.P. Digitalis Unit. Dosage: 0.1 Gm. 

(1% grains). 

Digitalis Capsules, Capsulae Digitalis, U.S.P. The usual sizes contain 
50 mg. and 100 mg. 

Digitalis Infusion, Infusum Digitalis, N.P. Powdered Digitalis, U.S.P. 
(1.5 per cent), alcohol (10 per cent), cinnamon spirit and dis- 
tilled water, freshly prepared. This is an effective form of 
digitalis but has no advantage over the tincture. Dosage: 6 cc. 
(1% fluidrams). 

Digitalis Injection, Injectio Digitalis, U.S.P. A sterile solution of one 
or more of the glycosides or therapeutically desirable and cardio- 
active constituents of digitalis in water for injection. Dosage: 
Intravenous, 1 U.S.P. Digitalis Unit. 

Digitalis Tablets, Tahellae Digitalis, U.S.P. The usual size contains 
50 mg. and 100 mg. 

Digitalis Tincture, Tinctura Digitalis, U.S.P. (Tinctura Digitalis P.I.). 
Digitalis (10 per cent) in alcohol and water. Potency: 1 cc. 
is equivalent to 1 U.S.P. Digitalis Unit. Alcohol content about 
70 per cent. Dosage: 1 cc. (15 minims). 

Digi toxin, Digitoxinum, U.S.P. Either pure digitoxin (C41H04O13) or a 
mixture of cardioactive glycosides obtained from Digitalis pur- 
purea Linn6 and consisting chiefly of digitoxin. Its potency, 
assayed biologically, corresponds to the potency of an equal 
weight of U.S.P. Digotoxin Reference Standard. Dosage: Oral, 
0.1 mg. (%oo grain). Intravenous, to be determined by the 
physician according to the needs of the patient (U.S.P.). 

Digitoxin Injection, Injectio Digitoxini, U.S.P. A sterile solution of 
digitoxin in 40 to 50 per cent alcohol solution, with or without 
glycerin. Dosage: Intravenous to be determined by the phy- 
sician according to the needs of the patient (U.S.P.), usually 
available in ampuls containing 0.1 ing. in 1 cc. 

Digitoxin Tablets, Tahellae Digitoxini, U.S.P. Dosage: 0.1 mg, of 
digitoxin (U.S.P.), usually available in tablets of 0.1 and 0.2 
mg. 

Digoxin, Digoxinum, U.S.P. A glycoside obtained from the leaves of 
Digitalis lanata, Ehrh, or Digitalis orientalis. The potency, as- 
sayed biologically, corresponds to the potency of an equal weight 
of U.S.P. Digoxin Reference Standard. Dosage: Oral, 0.5 mg. 
(U.S.P.). The initial oral digitalization dosage is about 1 to 
1.5 mg., followed by 0.25 mg. at six-hour intervals to obtain the 
desired effects; the daily maintenance dose? is 0.25 to 0.5 mg. 

Digoxin Injection, Injectio Digoxini, U.S.P. Sterile solution of digoxin 
in 70 per cent alcohol. It contains the labeled amount of 
digoxin. Dosage: The intravenous digitalization dosage is 
about 1.5 mg. usually divided into two doses; the maintenance 
dose is 0.25 mg. to 0.5 mg. daily. 

Digoxin Tablets, Tahellae Digoxinif U.S.P. Dosage: 0.5 mg. of digoxin 
(U.S.P.), usually available in tablets containing 0.25 mg. 
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Lanatoside C, Lanatosidum C, U.S.P. — C48H7«02o — glycoside obtained 
from the leaves of Digitalis lanata Ehrh. The potency of 
lanatoside (^, assayed biologically, corresponds to the potency 
of an equal weight of U.S.P. Lanatoside C Reference Standard. 
Caution: Lanatoside C is extremely poisonous. Dosage: Oral, 
0.5 mg. Parenteral, to be determined by the physician accord- 
ing to the needs of the patient. 

Lanatoside C Injection, Injectio Lanatosidi C, U.S.P. A sterile solu- 
tion of lanatoside C in 70 per cent alcohol, to which glycerin 
may be added. Dosage: To be determined by the physician 
according to the needs of the patient. The total intravenous 
or intramuscular digitalization dose is about 1.6 mg., usually 
divided into two or four doses given at twelve-hour intervals. 
Lanatoside C Tablets, Tahellae Lanatosidi C, U.S.P. Dosage: Oral, 
0.5 mg. of lanatoside C. 

Other Members of the Digitalis Group 

Ouabain (crystallized strophanthin, g-strophanthin). Ouabain is 
a glycoside (C 2 oH 440 i 2 . 8 H 20 ) obtained from Strophanthus gratus. 

Action and Uses . — The pharmacological action of crystallized ouabain 
is probably qualitatively identical with that of the official strophanthin, 
but the crystallized ouabain is uniform while K strophanthin is 
amorphous and varies in composition from lot to lot. Ouabain, there- 
fore is to be preferred. Ouabain is absorbed so slowly and irregularly 
from the alimentary tract that oral administration is contraindicated. 

For patients extremely ill, in whom the digitalis effect is indicated, 
intravenous medication of ouabain may be indicated. Dosage: 0.5 
mg. grain) is indicated for intravenous or intramuscular use. This 
dose should not be repeated within twenty-four hours. Before ad- 
ministration dissolve in 4,000 to 8,000 parts of physiological saline. 
If administration is to be repeated within twenty-four hours, a smaller 
volume of saline is recommended. Ouabain solutions deteriorate rap- 
idly, especially in soft glass containers, therefore use only recently 
prepared solutions. 

PPwEPARATIONS 

Ouabain, Ouahainum, U.S.P. (G-Strophanthin). A nonnitrogenous 
glycoside CaalL^O^-SHjO. Dosage: Intravenous, 0.25 mg. U.S.P. 
Ouabain Injection, Injectio Ouahaini, U.S.P. A sterile solution of 
ouabain in water for injection. The usual sizes contain 0.25 mg. 
and 0.5 mg. in 1 cc. 

Strophanthin. — Strophanthin is a glucoside or mixture of glucosides 
obtained from seeds (0.45 to 1%) of Strophanthus Komhi or of 
Strophanthus hispidns. The glucoside is a white powder, very soluble 
in water, which makes it available for intravenous use. 

It is generally accepted that pharmacological properties of 
strophanthin and digitalis are practically identical, except that 
strophanthin acts more promptly and is eliminated with greater 
speed (Praenkel, 1933). The more rapid elimination or destruc- 
tion of strophanthin accounts for its noncumulative action after 
repeated injections. The absorption of strophanthin is so uncertain 
that oral administration is not advisable (Hatcher and Bodey, 1909). 
Oral use is also attended usually by diarrhea. Difference of opinion 
exists concerning the toxicity of strophanthin. If properly admin- 
istered to suitable patients, the drug probably has its place in cardiac 
therapy. Grunbaum (1931) gave over 10,000 injections of strophanthin 
without observing a single death. 
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The use of strophanthin is usually coniined to emergencies in 
which it is employed intravenously in full dose of 0.5 ing. (M 20 
Its effect on the heart may be evidenced in a few minutes to one 
hour. If the desired effect is not obtained in two hours the dose of 0.1 
mg. may be given every half hour up to a total dose of 1 mg. 

Preparation 

Strophanthin, Strophanthinum, N.F. A glycoside or mixture of 
glycosides obtained from Strophanihus having a potency equal to 
40 to 60 per cent of standard ouabain, U.H.P. Dosage: In- 
travenous, 0.5 mg. 

Squill. — Squill is the cut, dried inner scales of the bulb of the 
white variety of Urginea maritima. This drug, also a member of the 
digitalis group, has been used since before the days of Hippocrates, 
but in recent times it has been little employed. 

Squill produces the same effects as digitalis, experimentally and 
clinically. It may be used as an expectorant, diuretic, and emetic, but 
better drugs are now available for these purposes. When employed 
as an expectorant, the syrup may be prescribed. It is usually associated 
with other agents when prescribed for either of these uses. 

Scillaren-R, N.N.R. — Glucosidum e scilla solubile. — This is the 
amorphous component of the natural mixtuie of the glucosides occurring 
in squill, Urginea maritima. Dosage: Scillarcn-B is for intravenous 
administration when immediate action is indicated. Administer not 
more than 0.5 mg. (^/iao grain) of scillaren-B intravenously within 
twenty-four hours. 

SciLTiAREN, N.N.R. — Glucosidum e scilla totum. — Tliis is a mixture of 
the natural glucosides, scillaren-A and scillaren-B, occurring in fresh 
Urginea maritima in the same proportion as found in the fresh drug, 
namely scillaren-A to scillaren-B (2:1). The cardiac action of scillaren 
is similar to that of digitalis, but this action is apparently less persistent. 
Dosage: Administer 1.6 mg. grain) orally three to four times daily 
until compensation is established or until minor toxic symptoms appear. 
After compensation is established administer 0.8 mg. i}/^^ grain) from 
two to four times daily. 

DRUGS ACTING MAINLY AS CARDIAC DEPRESSANTS 

The cardiac muscle is, as a general rule, more sensitive to the action 
of poisonous drugs than any other tissue in the body except the 
central nervous system. Consequently, a large number of drugs act 
as cardiac depressants, but few drugs are suitable for use therapeu- 
tically for cardiac depressant action. The anesthetics and hypnotics, 
especially those containing chlorine, act as cardiac depressants. This 
effect is a side reaction of these drugs, but this action must be taken 
into consideration when administering them. Quinidine is used in medi- 
cine for its cardiac dci)ressant action. 

Quinidine 

Quinidine, C2oH240aN2 2H20, one of the cinchona alkaloids, acts as a 
cardiac depressant. It is a dextro-isomer of quinine. The drug is a white, 
odorless powder or crystals, with an intensely bitter taste. Quinidine 
sulfate is soluble in water (1:90) and in alcohol (1:10). Wenckebach 
(1914) noted, during the treatment of malaria, that patients who had 
auricular fibrillation were greatly benefited by the quinine. Upon 
further investigation it was found that quinidine excelled quinine in 
its beneficial effect on this heart disorder. 
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llowover, the enthusiasm for quinidiiie soon waned because of the 
number of unexpected deaths attributed to it, and the pendulum swung 
back to nearly complete abandonment of the drug. Its recent use has 
increased because of the growing realization of its effectiveness in cer- 
tain cardiac conditioijs. 

Pharmacological Action. — It is now esta])lislied that quinidine pro- 
longs the refractory pliase of tlie h(*art and tlu; (dectrical systole of the 
ventricl(‘s. It prolongs conduction in the ventrichis, in the auriculo- 
ventricular junction, and, to a certain extent, in the auricles. It de- 
presses the.! sinus node and thus slows the heart rate. It decreases ex- 
citability of the myocardium. It paralyzes the vagus nerve, which 
tends to neutralize to some degree its dir(*ct effects on the sinus node 
and auricles. 

In excess, quinidine tends to depress the myocardium, and may lead 
to respiratory disturbances and even respiratory paralysis. In largo 
doses, by reason of its action on smooth muscle, it may cause a fall 
in blood pressure. 

Quinidine is rapidly absorbe<l and excreted. Orally, the maximum 
effect is obtained in from two to four hours. Minimal residual ef- 
fects persist for six to eight hours an<l urinary excretion is complete 
in twelve to twenty-four hours. Therefore, repeated oral doses given 
more than six hours apart arti not cumulative. When administered in- 
travenously or intramuscularly, the maximum effect occurs in one-half 
to one and one-half hours. 

Digitalis Action vs, Quinidine Action , — 

1. Digitalis increases irritability of the heart muscle, while quinidine 
lessens it. 

2. Quinidine apparently cures fibrillation by depressing or stopping 
the origin of impulses in the auricle, while digitalis prevents the passage 
of impulses to the ventricle. 

3. Both reduce conductivity through the bundle, but digitalis to a 
greater degree. 

Quinidine has no true pharmacologic antidote. The drug of choice 
to counteract respiratory depression is caffeine with sodium benzoate. 
Metrazol, amphetamine, and nikethamide are effective. 

Toxicology. — Although similar to quinine toxicologically, quinidine 
may produce other symptoms than those evidenced by quinine. Ther- 
apeutic doses rarely cause toxic symptoms, but occasionally there ap- 
pears a feeling of fullness of the head, headache, dizziness, tinnitus, 
visual disturbances, skin eruptions, and gastric disturbances. Rarely, 
severe gastrointestinal symptoms may contraindicate oral administra- 
tion. Recently an injectable form of quinidine, quinidine hydrochloride 
with urea and antipyrine, has been described which is reported to pro- 
duce more prompt effects than oral quinidine and to have also a 
longer duration of action. Intravenous injection of quinidine, however, 
is dangerous and rarely justified. There seems to be a distinct idio- 
syncrasy to it in susceptible persons; therefore a small preliminary 
test dose is always advisable. The fatalities due to its admin- 
istration are usually due to ventricular fibrillation, respiratory paraly- 
sis, liberation of emboli due to action on the heart, and collapse ac- 
companed by convulsions. The fatal dose varies widely. As much as 
15 grains, four times daily, have been given without the production of 
toxic symptoms. 

Treatment of poisoning consists of gastrointestinal lavage, emesis, 
and general supportive measures. Caffeine is the antidote for respiratory 
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depression. Inhalation of amyl nitrite and retrobulbar injection of 

0.25 mg. of atropine sulfate are indicated for the prevention of optical 
injuries. 

Therapeutic Uses. — The indications for quinidine therapy as sum- 
marized in the words of the National Research Council (J. A. M. A. 
124: 239, 1944) are as follows: 

1. Ventricular tachycardia diagnosed electrocardiographically. 

2. Congestive heart failure that appears definitely to have been 
precipitated by the sudden onset of auricular fibrillation (if not ade- 
quately controlled by digitalis). 

3. Persistent premature ventricular contractions in patients who 
have had acute coronary artery occlusion. 
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Fie. 23. — Pulmonary and carotid blood pressure showin^^ the action 
or^guinmine. (From Jackson: Experimental Pharmacology and Materia 

4. Chronic heart disease associated with paroxysmal auricular 
fibrillation, paroxysmal auricular tachycardia, or auricular flutter. 

5. A history of systemic embolization in a case of paroxysmal or 
established auricular fibrillation. 

One of the more recent uses of quinidine is its employment to sup- 
press premature systoles. In normal subjects treatment is unnecessary 
unless symptoms become severe. Quinidine may be used when digitalis 
causes premature systoles. It may also be used in patients with mitral 
stenosis complicated by frequent auricular premature systoles in order 
to prevent or delay the onset of auricular flbrillation (Katz, 1948), 
Oontraindications. — ^According to Katz, the only absolute contra- 
indication to the use of quinidine is idiosyncrasy or sensitivity to the 
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drug. This is manifested by respiratory or circulatory collapse by 
cinchouism. Most of the contraindications are based on its primary de- 
pressant action on the heart. The depressant action on the heart is 
most apt to appear in conjestive Tieart failure and cardiac enlargement. 
It is contraindicated in the presence of heart block. 

Administration. — Quinidine may be administered orally, intra- 
muscularly, or by vein. The oral route is the method of choice, A 
test dose for sensitivity of 0.2 Gm. should be given. For therapeutic 
effect, 0.4 Gm. should be given every two hours until the end of ar- 
rhythmia or until hve doses have been given. This may be repeated 
for two or three days, the dose being increased each day by 0.2 Gm, 
If toxic symptoms appear, the drug should be stopped. 

When the arrhythmia is stopped, 0.2 Gm. of quinidine should be given 
three times a day for a week. If the arrhythmia is recurrent, main- 
tenance therapy of 0.2 Grn. two or three times a day should be given. 

Intramuscular therapy may be used to secure more rapid action (one- 
half to one and one-half hours) or when oral therapy is contraindicated. 
Quinidine sulfate or quinidine hydrochloride may be used. 

The intravenous route is dangerous and is rarely necessary. 

Paroxysmal Auricular Tachycardia, — Paroxysms of tachycardia of 
auricular origin start and finish abruptly. The rate varies from 120 
to 220 beats per minute. The attacks ordinarily stop in a few hours, 
but therapy may hasten return to normal rhythm. 

Quinidine to depress the heart muscle is a useful measure. Give in a 
dose of 0.1 Gm., orally, to test drug sensitivity. Continue therapy in 
four hours if no signs of sensitivity appear. The dose is then 0.2 to 
0.4 Gm. every four hours. Quinidine is probably safer and more de- 
sirable than methacholine. 

In an emergency, other measures having failed, give quinidine sulfate 
intravenously. Give slowly 0.2 to 0.4 Gm. dissolved in 500 cc. of physi- 
ological saline solution. Stop injection when rhythm has reverted to 
normal. 

Paroxysmal Ventricular Tachycardia, — This condition is usually as- 
sociated with grave myocardial disease. If the paroxysm is prolonged, 
or if brief paroxysms are recurring frequently, quinidine should be given 
at once. Treatment consists of the administration of quinidine as de- 
scribed for paroxysmal auricular tachycardia. Digitalis is probably 
contraindicated. 

Auricular Fibrillation, — Striking results follow the use of digitalis 
in the treatment of this condition. Auricular fibrillation constitutes a 
half of all cardiac irregularities (Lewis) and, according to Mackenzie, 
two-thirds of all serious cardiac failures. 

If the cardiac damage is slight, and especially in the fibrillation 
persisting after thyroidectomy, an attempt to restore a regular beat 
with quinidine sulfate is indicated. 

Procedure: Administer digitalis to bring ventricular rate to about 
70 per minute. It should be continued throughout trial with quinidine. 
Next, give a single dose of 0.2 Qm. of quinidine as a test dose. If 
no signs of toxicity appear in twenty-four hours, then administer 
quinidine every four hours day and night to maintain effective con- 
centration of the drug. It is usually started with 0.2 Gm. every four 
hours and increased to 0.4 Gm. every four hours on the third day. Main- 
tain for one week unless reversion to normal rhythm has not occurred. 
If treatment fails, repeat after a rest of one week. A maintenance 
dose of 0.2 to 0.4 Gm., one to four times daily, may be necessary. 

Auricular and Ventricular Extrasystoles, — These arrhythmias may re- 
spond to quinidine therapy. It may be useful in the cases that are 
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attended by discomfort. In young patients, with no evidence of 
organic disease, the continued use of quinidine should not be resorted 
to. Wenckebach, the authority on arrhythmias, recommends 0.3 to 0.4 
gram (5 to 6 grains) of quinidine daily, plus 2 or 3 mg. (l,Jo 
grain) of strychnine for a ten-day period. 

Auricular Flutter, — Quinidine is useful in the treatment of auricular 
flutter, especially in those cases in which digitalis causes a change in 
auricular flbrillation but in which the further step to normality does not 
follow. 

Administration and Dosage: The intravenous use of the drug is rarely 
indicated except in special cases. That the drug is an effective agent is 
indicated by the fact that the heart slows gradually. The maintenance 
dose is about 0.25 gram per day. If no benefit follows the first seven 
days' use, quinidine is usually considered unsuccessful and the treat- 
ment stopped. 

The initial dose is usually 0.2 gram (3 grains). If no toxic 
symptoms appear (nausea, vomiting, headache, palpitation, etc.) ad- 
minister 0.2 to 0.4 gram (3 to 6 grains) three to four times a day. The 
change to normal rhythm may occur in from one to three days. 

Malaria, — Quinidine is also employed in the treatment of malaria, 
especially in patients who have an idiosyncrasy for quinine. Sanders 
(1936), after using the drug in 1,349 cases, thought it superior to 
quinine in controlling the acute attack and in preventing relapses. In 
this series it did not prove to be a dangerous heart depressant. 


Preparations 

Quinidine Sulfate, Quinidinae Sulfas, XJ.S.P. Dosage: Caution. 0.2 
Gm. (3 grains) four times a day. Quinidinae Sulphas, B.P. 
Dosage: 0.2-0.6 Gm. (3-10 gr.). 

Quinidine Sulfate Tablets, Tahellae Quinidinae Sulfatis, U.S.P. The 
usual sizes contain 0.1 Gm., 0.2 Gm., and 0.3 Gm. 


Nitrites 


The medicinal ** nitrite group" comprises salts and esters of 
nitrous acid and certain organic nitrates, all of which are reduced 
to nitrites in the body. The important members of this group are: 


Inorganic Sodium Nitrite NaNOj 

Organic Amyl Nitrite C#H„NOa 

Ethyl Nitrite CaHnNOj 

Glyceryl Trinitrate C,Hb(NO »)3 

Erythrityl Tetranitrate C 4 H,(NO ,)4 

Mannitol Hexanitrato CeH^^NO*)* 


X/Phaxmacological Action. — The action of the "nitrite group" de- 
pends on the nitrite radical (-0-N-0), which acts directly to inhibit 
the tone of all smooth muscle. It is responsible for their effect as 
vasodilators. 


Absorption and Excretion, — The relative rapidity of absorption of 
the nitrites is shown in Table XXIV — Blood Pressure Results in Hyper- 
tensive Person. 

Amyl nitrite is very volatile and is readily absorbed from the lungs. 
It is administered only by inhalation. When swallowed amyl nitrite 
is relatively inactive because the gastric juice acts on it to liberate 
nitrous acid which is immediately decomposed. Nitroglycerm is more 
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readily absorbed when placed under the tongue (sublingual route) than 
by the intestinal route. It is also absorbed through the skin. Sodium 
nitrite is absorbed from the intestinal tract, large doses may cause 
gastric irritation, nausea, and vomiting. Sodium nitrite should be ad- 
ministered only by the oral route. 

About (50 to 70 per cent of absorbed nitrite is destroyed and its fate 
is unknown. No cumulative action is evident. 

Action on Circulation , — The chief action of nitrites is on circulation, 
and chiefly on the muscular tissue in the vessel walls. The action is 
apparently not on the vasomotor centers because the pulmonary arteries, 
which are not believed to possess vasomotor nerves, are dilated by 
nitrites. The vessels of the splanchnic area are the most strongly 
aflfected by nitrites, but a powerful action is exerted in the arteries 
of the brain, lungs, heart, and limbs, and superficially in the neck and 
head. 



Pig. 24. — Tracing made with Dudgeon’s sphygmograph showing the 
normal pulse record and a pulse record affected by innaling amyl nitrite. 
(From Jackson: Experimental Pharmacology and Materia Medica.) 


The pulse is accelerated and becomes somewhat irregular due to the 
fall in blood pressure (Fig. 24). This condition results in anemia 
of the brain, which in turn depresses the tone of the inhibitory 
cardiac center, causing excitation of the accelerator apparatus. The 

Table XXIV 


Blood Pressure Results in Hypertensive Person 
(Full therapeutic doses and usual routes of administration) 


DRUG 

onset op 

ACTION 

MIN. 

maximum 

EFFECT 

MIN. 

SYSTOLE 
FALL 
MM. HQ 

TIME OF 

RECOVERY 

MIN. 

Amyl Nitrite 

1 

2- 3 


4- 8 

Nitroglycerin 

1- 2 

5-10 

15-30 

25- 40 

Sodium Nitrite 

5-20 

25-40 

25-40 

60-150 

Erythrityl Tetranitrate 

15-30 

30-50 

30-40 

180-300 

Mannitol Hexanitrate 

15-30 

(50-120 

30-40 

240-360 
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is not a specific reaction with nitrites but is the same action as would 
be caused by any reducing body. 

Action on If Nitrites depress the involuntary muscle tissue in 
bronchial tubes to such a degree as to be of value in bronchial asthma. 
This group of drugs seems to possess a muscle-relaxing effect in spasm 
of the bile duct or ureter. Nitrites tend to depress smooth muscle of 
the bowel (Fig. 25). 

Effect on Temperature. — The dilatation of cutaneous vessels increases 
the surface temperature and causes loss of body temperature. In fever 
there is a marked fall in temperature. Large doses of nitrites lower 
the normal temperature by depressing circulation. 



Fig. 26. — Nasal volume, blood pressure (right femoral artery), and 
respiration showing the action of amyl nitrite and ether (strong vapor at 
“On”). (Prom Jackson: Experimental Pharmacology and Materia 
Medica.) 

Action on Respiration . — Respiration is accelerated and rendered deeper 
by nitrites (Fig. 26). The acceleration is the result of a fall in blood 
pressure which decreases the supply of blood to the brain, thus 
arousing the respiratory center. The bronchial muscles are relaxed 
by amyl nitrite and this action affords relief in asthma. This ex- 
plains the old remedy for asthma, that of burning saltpeter and in- 
haling the nitrite fumes. 

Action on Nervous System . — No direct action on the nervous system 
is exerted by nitrites, but the marked vasodilation in the cerebral 
vessels, in conjunction with the fall in blood pressure, may cause head- 
ache, dizziness, faintness, blurring of vision, and oven convulsions. 
Amyl nitrite may cause, through stimulation of the nasal mucous 
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membrane, a temporary rise in blood pressure and inhibitory slowing 
of the heart. 

Effect on Intraocular Tension. — Intraocular tension is raised by amyl 
nitrite; it must, therefore, be used with caution in glaucoma. The 
retinal vessels are dilated following its administration. 

Effect on Kidneys. — The kidneys are little affected by therapeutic 
doses, but large doses of nitrites may cause a decrease of urine excretion 
and even anuria. The renal effects are inconstant and depend, no doubt, 
on whether the arteries and arterioles are dilated or not. 

Toxicology. — The face becomes flush^ed after taking a few drops of 
amyl nitrite, and there is a sensation of fullness and throbbing in 
the head. After toxic doses, there are likely to occur, in addition, 
such effects as cardiac palpitation with rapid full pulse, markedly 
flushed face, throbbing head, and rap id re spiration. V omit ing and 
diar^ea are possible symptoms. Mental' confusion ana~lnuscular 
weakness may follow. The heart action Becomes slow, the respira- 
tion Sirallow and frequently irregular, and cyanosis appears. Amyl 
nitrite rarely causes death in man. 

Some persons respond markedly to small doses of nitrites, while 
others are unusually tolerant to their action. Severe he adach es are 
most common with the use of nitroglycerin and erythrol tetranitrate. 

Excessive doses of any of the nitrites convert hemoglobin to methemo- 
globin. If methemoglobinemia is sufficiently great, cyanosis and func- 
tional anemia result. Severe poisoning and even death may follow the 
use of bismuth subnitrate in the treatment of diarrhea due to nitrite- 
induced methemoglobinemia. 

Treatment. — If the drug has been taken orally, evacuate the stomach 
by stomach tube or an emetic. Give a gastric lavage with 500 cc. 
(.1 pint) of 1:1,000 solution of potassium permaugaiiato. For per- 
sistent cyanosis 50 cc. (1% fluid ounces) of 1 per cent in 1.8 per cent 
sodium sulfate may be given intravenously. Administer strychnine or 
digitalis. Use cold applications on the head. Give artificial respiration 
if the occasion demands it. The head-low position to aid return of 
venous blood to the heart is often useful. If shock is severe, shock 
therapy is indicated. 

Habituation. — Habituation may occur from the frequent use of nitro- 
glycerin. The dosage must be increased to get response. Suspension 
of use of the drug or alternating to another nitrite compound may 
be resorted to. Tolerance is not acquired with sodium nitrite or erythrol 
tetranitrate. 

Therapeutic Uses. — Nitrites are used because of their marked effect 
in dilating the peripheral vessels and lowering blood pressure. They 
have been tried for all diseases in which the symptoms indicate vas- 
cular spasm, but due to the rather transient action of these drugs, 
their practical value is limited. 

Angina Pectoris. — In cases of spasm of the coronary arteries amyl 
nitrite (1 to 3 drops) gives prompt relief. Thin glass ampules 
“pearls'' may be crushed and the fumes inhaled, or amyl nitrite 
may be administered by mouth or by injection. During an attack of 
angina pectoris amyl nitrite gives relief; an attack may be warded 
off by administering sodium nitrite or nitroglycerin every four to five 
hours. In general, in occasional attacks use amyl nitrite, but if re- 
current attacks are common, sodium nitrite or nitroglycerin should 
be taken every four to six hours, on the days which experience has 
taught the patient the attacks will likely occur. 
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Nitroglycerin is more dependable than amyl nitrite. It may be pre- 
scribed as 0.0006 gram (^qo grain) hypodermic tablets. They are not 
volatile, do not deteriorate rapidl 3 % and are less expensive than amyl 
nitrite. 

Chronic Hypertension. — Nitrites have no permanent influence on this 
condition and should not be administered routinely. Of the nitrite 
group, erythrityl tetranitrate is probably the least harmful. Give in 
doses of 30 to 60 mg. every four hours. 

Bronchial Asthma. — This respiratory condition may be treated by 
burning potassium nitrate, generally in combination with belladonna, 
to dilate the constricted bronchi, through its conversion from a nitrate 
to a nitrite. A few breaths of amyl nitrite may be of value early in an 
attack. 

Pylorospasm. — Amyl nitrite, inhaled as ‘‘pearls*^ or spirits of glyceryl 
trinitrate (nitroglycerin), 3 drops on the tongue and increasing the 
dose by 1 drop every two minutes, is indicated for treatment of this 
condition. Sodium nitrite, 0.06 gram (1 grain) three or four times 
a day, may be administered. 

Nervous Disorders Characterised by Muscular Spasm. — In epilepsy, 
inhalation of amyl nitrite during the aura will tend to ward off the 
imminent paroxysm, and in hysterical seizures the attacks may be 
shortened by repeated inhalations of this drug. In tetanus a few 
drops of amyl nitrite may relieve severe paroxysms. In obstinate 
hiccup amyl nitrite may prove effective in relieving the condition. 

Localized Spasms of Vessels. — Nitrites have been used to relax 
peripheral arteriole spasm, such as found in Raynaud ^s disease and in 
erythromelalgia. The nitrites may be administered in gradually in- 
creasing doses. 

Miscellaneous. — Amyl nitrite has been used to assist the heart in 
ether and chloroform anesthesia; to overcome chloroform collapse; in 
seasickness; and as a diaphoretic in fevers and colds. 

Preparations 

Ani^d Nitrite, Amylis Nitris, U.8.P., B.P, Dosayr: 0.2 cc. (3 minims) 
by inhalation. 

Krythrityl Tetranitrate Tablets, TaheUae ErythrityJis Tetranitratis, 
IJ.S.P. Dosage: 30 mg. grain). 

Sodium Nitrite, Sndii Nitris, U.S.P., B.P. Dosage: 0.06 Gm. (1 grain). 
Sodium Nitrite Tablets, Tabellae Sodii Nitritis, U.S.P. Usual sizes con- 
tain 30 mg. and 60 mg. 

Klhyl Nitrite Spirit, Spiritus Acthylis Nitritis, N.P. (Spirit of Nitrous 
Ether, Sweet Spirit of Nitre). Ethyl nitrite (about 4%) in 
alcohol. Absolute alcohol content about 90 per cent. Dosage: 
2 cc. (30 minims). Spiritus Aetheris Nitrosi, B.P. Dosage: 
1-4 cc. 

Glyceryl Trinitrate* Spirit, Spiritus (rlycerylis Trinitratis, N.P. (Nitro- 
glycerin Spirit). Gl^'ceryl trinitrate (1%) in alcohol. Cap- 
TroN. — Great care must be exercised in dispensing, handling, 
packing, transporting, and storing this spirit, since a dangerous 
explosion may result if any considerable quantity of it is spilled, 
and the alcohol wholly or partially lost by evaporation. If 
through accident it is spilled, a solution of potassium or sodium 
hydroxide must be poured over it at once to effect the decom- 
position of the glj'ceryl trinitrate. Dosage: 0.06 cc. (1 minim) 
dropped on the tongue, or taken after diluting with water. 



534 MATERIA MEDICA, TOXICOLOGY. AND PHARMACOLOGY 

Glyceryl Trinitrate Tablets, Tahellae Glycerylis Trinitratis, U.S.P. 
(Nitroglycerin Tablets, Trinitrin Tablets). The usual sizes 
contain 0.3 mg., 0.4 nig., 0.6 mg., and 1.2 mg. Dosage: 0.4 
mg. glyceryl trinitrate. 


Papaverine 

Papaverine, CjoH„ 04 N, an alkaloid obtained from opium and be- 
longing to the benzyl isoquinoline group, was first advocated for re- 
lief of smooth muscle spasm by Pal, of Vienna. 

It is marketed as the water-soluble hydrochloride. Its toxicity is very 
low. It is contained in opium and thus comes under the Federal 
Narcotic Regulations, although it is free of narcotic action. 

Pharmacological Action. — Papaverine is a rather feeble central 
analgesic and a local anesthetic. Its toxicity is low, and neither 
tolerance nor habituation has been reported. 

In contrast to morphine the actions of papaverine on the central 
nervous sj^tem are negligible, and the drug causes neither sleep nor 
analgesia in therapeutic doses. Papaverine relaxes smooth muscles of 
the body, especially those of blood vessels. This relaxation occurs par- 
ticularly if spasm exists. The muscles responding to this drug are those 
of the bronchi, gastrointestinal tract, ureters, biliary system, and blood 
vessels, including the coronary arteries. Papaverine is not nearly as 
effective as epinephrine in bronchial asthma, but it may be given 
intravenously in large doses, with a wide margin of safety. It has mild 
sedative action. It is not a myocardial depressant. 

Therapeutic Uses. — Pal recommends the use of papaverine in 
various spasmodic conditions of the smooth muscle, including gastric 
and intestinal spasms, in biliary colic and in bronchial spasm. Of more 
doubtful value is its use in pertussis, hyperemesis and vascular spasm, 
acute uremia, and eclampsia. The local anesthetic action, with vaso- 
dilatation, has been used against rhino-asthma, and to mitigate the pain 
of irritant injections. Dosage: The oral and hypodermic single dose 
is from 0.03 to 0.08 Gm. to grains) ; daily dose to 0.5 Gm. (7^4 
grains). Single doses of even 1 Gm. (15 grains) are said to be non- 
toxic (N.N.R.). 

At the present time the clinical use for papaverine is in the treatment 
of conditions associated with smooth muscle spasm; e.g., peripheral 
vascular embolism, pulmonary embolism, Reynaud's disease, and ureteral 
or other types of tubular spasm. Its oral administration may prove use- 
ful in the treatment of heart disease. 

Good therapeutic results have been obtained by papaverine in patients 
with peripheral or pulmonary embolism. When given intravenously it 
has prevented amputation of limbs and has preserved life. The drug 
acts by increasing collateral circulation in reflexly constricted vascular 
beds. Symptoms such as pain and paresthesia may be completely re- 
lieved after the intravenous injection of 20 to 100 mg. of papaverine 
hydrochloride. Threatened gangrene from ergotamine tartrate poison- 
ing is apparently successfully prevented by the use of 0.03 Gm. (% 
grain) of papaverine hydrochloride administered intravenously or orally 
over a period of several days, A combination of codeine sulfate 0.015 
Gm. (% grain) and papaverine hydrochloride, 0.015 Gm. (% grain) 
has been found valuable in the treatment of nasal discharge and conges- 
tion of catarrhal fever, 

Seart Disease, — According to Katz (1948) papaverine has a definite 
place in the treatment of coronary heart disease. It is a powerful 
coronary vasodilator, it is sedative and is a soothing agent on ectopic 
pacemakers. For chronic coronary heart disease the dose of papaverine 
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should be begun at 1 Gm. three to four times a day, orally, and should 
be increased until the effect desired is obtained or until side reactions 
indicate stoppage of the drug. 

Oral papaverine in doses of 0.1 Gin. (IV 2 grains), three or four 
times a day, has proved highly successful in the treatment of the angina 
syndrome. Intravenously administered papaverine in doses of 0.06 
to 0.1 Gra. (1 to grains) causes temporary abolition or reduction in 
the number of premature systoles, the effect lasting from two to ten 
minutes. Oral papaverine in doses up to 3 grains, four or five times 
a day, has an effect in eradicating or reducing the frequency of pre- 
mature auricular, nodal, or ventricular systoles (Eleck, Katz, 1942). 

Preparations 

Papaverine Hydrochloride, Papaverinae Hydrochloridum, TJ.S.P. Dosage: 

Oral and intravenous, 0.1 Gm. grains). 

Papaverine Hydrochloride Injection, Injectio Papaverinae Hydrochloridi, 
U.S.P. A sterile solution of papaverine hydrochloride in water 
for injection. Dosage: Intravenous 0.1 Gm. (1% grains). 

Xanthine Derivatives 

The xanthine derivatives are of value in the treatment of heart dis- 
ease because of their diuretic action and also because of their mild 
stimulatory action on the myocardium. * 

The xanthines have been used for many years in the treatment of 
angina pectoris. Aminophylline (theophylline ethylenediamine) is 
probably the most widely used xanthine preparation in heart condi- 
tions. It is quite soluble and there is evidence that ethylenediamine 
enhances the vasodilator effect of theophylline. For detailed discussion 
of xanthine, see chapter on Diuretics. 

Therapeutic Uses. — In angina pectoris the value of on xanthine di- 
lator is questionable. Theobromine with sodium acetate, 0.5 Gm. three 
times a day, may be of value. 

Congestive Heart Failure, — Xanthines may be of value on the basis 
of their diuretic and possibly their direct stimulating action on the myo- 
cardium. Various xanthine preparations may be given. Aminophylline, 
IV 2 to 3 grains (0.1 to 0.2 Gm.) may bo given three times daily by 
mouth. This drug may be given by vein or intramuscularly or as a re- 
tention enema. Aminophylline, 0.25 to 0.5 Gm. intravenously, may also 
be used every four to eight hours to control Cheyne- Stokes "breathing . 

Extrasystoles may occasionally respond to coronary dilators. Amino- 
phylline may be tried orally for this condition in average dosage. 

Thiocyanates 

Various drugs have been used for the treatment of hypertension. 
The majority are of questionable value. Potassium thiocyanate has 
been used for the treatment of this condition. The continued admin- 
istration generally leads to persistent lowering of the blood pressure in 
normal individuals, in three-fifths of the patients with glomerular 
nephritis, and in about a third of the patients with hypertension. 

Pharmacological Action. — The thiocyanate ion is similar in effect 
to the iodine ion. When taken orally a high percentage of the drug is 
found in the extracellular fluid and thus influences the aggregation 
of colloids in a manner similar to the iodides. It is excreted primarily 
by the kidneys. 
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Potassium thiocyanate in moderate dosage has a sedative action. 
Large doses protluco symptoms varying from mild drowsiness to toxic 
psychosis, (.’ertaiii effects on blood have been reported, such as re- 
duction of erythrocyte count, hemoglobin, scrum proteins, and choles- 
terol. It produces smooth muscle relaxation. The drug does not in- 
crease peripheral blood flow nor tloes it produce periph(u*al dilation. 
Cardiac depression, increased cardiac output ami decrease in the size 
of the heart have been reported. 

Therapeutic Uses. — llyper tension . — The mechanism of the fall in 
blood pressure is obscure. Kessler and Hines (1948) suggest that 
the hypertensive action may be an effect produced by breakdown 
products of the drug in vivo. There is practically no fall unless 
the blood level of thiocyanate is held at 8 to 12 mg. per cent for pro- 
longed periods. As low concentrations are ineffective and higher con- 
centrations are toxic, the hwel of the blood must be checked chemically. 
The average dose is 0.3 Gm. daily in a single <lose, but this may iiet^l 
to be increased to 0.6 Gm. or 0.9 Gm. daily to furnish adequate blood 
level. Patients should be seen at leasi once a week for blood thiocyanate 
estimations. 

Most patients complain of marked fatigue following thiocyanate 
therapy. Many feel drowsy even though there is no change in blood 
pressure. This, according to Barker (1935), wears off in a few weeks. 
Vertigo is common, and some' complain of cramps and weakness in 
the arms and legs. Nausea and vomiting are among the 6rst symptoms 
of toxicity. Gastrointestinal symptoms are rare, howev(*r, if the level 
of thiocyanates is kept below 21 mg. per 100 cc. of blood. 

Thiocyanate therapy is not widely used ; the rationale is not clear 
and the effects are seldom very encouraging. 
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CHAPTER XVI 
OXYTOCK^ DRUGS 

Oxytocics are drugs which initiate or enhance uterine contractions. 
The uterus, which contains smooth muscle, contracts spontaneously 
and rhythmically. The contractions are marked when the uterus is 
fully developed and its activity varies with different periods of the 
menstrual cycle. 

Although innervated by both cholinergic and adrenergic fibers, 
the responses of the uterus to stimulation from these nerves and to 
autonomic drugs is not marked and varies in different species and in 
the pregnant and nonpregnant state. Furthermore, complete de- 
nervation of the uterus causes little or no change in motor activity. 
Obviously, the action of autonomic drugs on the uterus are of no 
great i)rac.tical significance. 

The oxytocic drugs are a group of drugs with marked effect on 
uterine motility. There are definite indications for the clinical use 
of oxytocics. In brief, they are as follows: (1) to induce labor 
at term if necessary, (2) to control postpartum hemorrhage arising 
from uterine atony, and (3) to aid and hasten normal involution of 
the uterus during puerperium. 

The most important of those drugs are oigot and its alkaloids, 
and posterior pituitary. Quinine lias long been popular for the 
induction of labor. Its oxytocic on'ect, however, is unreliable. Other 
drugs can effect uterine motility but the ergot alkaloids and pos- 
terior pituitary are the most useful clinical oxytocics. 

Oxytocic drugs should never be used during the first and second 
stages of labor. Their routine use for initiating or hastening labor 
for the convenience of the physician is regrettable since violent 
contractions may cause injury to the fetus and cripple the uterus. In 
conservative obstetric practice they are used only at the end of the 
third stage of labor and during puerperium to control postpartum 
bleeding and hasten involution of the uterus. 

EBGOT 

Ergot preparations have enjoyed a time-honored place in obstetrical 
practice. Of these preparations, fiuidextract of ergot and ergonovine 
are of great importance in therapeutics because of their ability to 
stimulate the uterus and prevent postpartum hemorrhage. 

Ergot, a parasitic fungus (Claviceps purpurea) which grows usually 
on rye and on certain grasses, was the first authentic oxytocic drug 
introduced into medicine. The medicinal properties of this j^ngus, 
• the consumption of which resulted in widespread epidemics of 
* ‘ ergotism, ^ ' were known to early European midwives. These epi- 
demics of ergotism were usually characterized by the direct develop- 
ment of gangrene of the extremities. 

Stearns (1807) was the first to introduce its use in obstetrics. Re- 
cent investigators, among whom are Barger and Dale and their co- 
workers, have made a thorough study of the chemistry of ergot and 
have shown it to contain several potent alkaloids, including ergotoxine, 
ergotamine, and ergonovine ; at least four amines, and acetylcholine 
and other choline derivatives. These active substances are found in 
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ergot in varying amounts. From the therapeutic point of view the most 
important of these compounds are the alkloids ergotoxine, ergotamine, 
and ergonovine (ergometrine). 

Pharmacological Action. — Ergot acts chiefly on the smooth muscula- 
ture of the uterus and blood vessels, both of which it causes to con- 
tract. The o^cytocic, emmenagogic, and homostatic actions of ergot 
are of importance in theiapeutics. When taken orally ergot is rapidly 
absorbed; its action becomes manifest in fifteen to twenty minutes 
and lasts about one hour. The fate of the active principles is un- 
known. 

Local Action , — When applied locally to mucous membranes, ergot 
acts as a mild hemostatic and astringent irritant. 

Action on Uterus , — The most important action of ergot is on the 
uterus where it causes powerful contractions alternating with periods 
of relaxation. The action is peripheral, being exerted mainly through 
the sympathetic nerves in a manner similar to its action on blood 
vessels. Direct action of ergot on smooth muscle may be demonstrated 
in the eye, where the muscle contracts, but after ergot, atropine does 
not cause dilation. In labor, small doses accelerate and strengthen 
contractions, while large doses prolong uterine contraction. 

Action on Muscles . — Ergot tends to favor cardiac contraction, peri- 
stalsis, etc., through its specific stimulating action on involuntary muscle. 
The bladder, the pupil, and other structures possessing a similar type of 
muscle, respond to ergot. 

Action on Circulation . — Therapeutic doses cause a rise in blood pres- 
sure, mainly through constriction of the peripheral vessels by direct 
action upon them, and by slight stimulation of the vasomotor center. 
The heart rate may be slowed and the amplitude increased by stimu- 
lation of the cardio inhibitory center. 

Ergot may produce gangrene of the extremities. Some attribute this 
to vasoconstriction, while others believe it to be due to formation of em- 
boli which obstruct circulation. 

Toxicology. — Most cases of ergot poisoning are due to an overdose 
of the drug, eating bread made from infected rye, or to its use as an 
abortifacient. 

Acute Poisoning . — The symptoms of acute ergot poisoning appear 
hours and are characterized by vomiting, thirst, diarrhea, and 
tingling of the extremities. Uterine hemorrhage and abortion may occur 
if the individual is pregnant. The face and limbs swell; the skin be- 
comes pale and the surface temperature falls; abnormal sensations de- 
velop in the skin and twitching of the muscles occurs. Later, there 
is a fall of temperature, associated with anuria, convulsions, and coma. 
Death occurs from cardiac and respiratory paralysis. 

Chronic Poisoning . — Chronic ergot poisoning, which was commonly 
quite ^ prevalent, is now relatively rare where modern grain-cleaning 
machinery is used. The chronic toxic effects take two forms: the first 
form is known as the gangrenous form, characterized by dry gangrene 
in the extremities and cataracts on the eyes. In this type the symptoms 
are tingling, formication, redness, coldness, eruption of vesicles con- 
taining a dark fluid, and finally dry gangrene. The extremities may 
fall off with little pain or hemorrhage. Gangrene may occur in the 
intestine, causing perforation and peritonitis. The second form, the 
spasmodic variety, is characterized by initial symptoms of vertigo, 
tinnitus, headache, formication, and often mental depression. Later, 
muscular tremors and contractures, especially of the flexors of the 
fingers and toes, appear. The prognosis for this type is poor. 
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The fatal dose varies, but may range from 15 to 60 grains or more. 
Postmortem lesions of ergot, aside from areas of gangrene, are not 
characteristic. Hyperemia may be ^oted throughout the kidneys, uterus, 
liver, and lungs. Pieces of fungus found in the stomach aid in making 
the diagnosis. 

Treatment of Ergot Poisoning. — In acute poisoning, wash out the 
stomach with sodium bicarbonate. Empty the bowels with soapsuds 
enemas and such purgatives as castor oil or Epsom salts. Give tannic 
acid internally. Administer stimulants such as strychnine and coffee. 
In chronic poisoning the treatment is symptomatic. Saline intravenously 
and hypodermically is indicated. Amputation may be the treatment of 
choice for the gangrenous type. 

Therapeutic Uses. — In labor the fluidextract may be employed. 
When the use of ergot is to be continued for some time, its administra- 
tion in capsules is to be recommended. In obstetrics, its use by needle 
may be desired; if so, commercial preparations put up in sterile 
ampules are available on the market. 

Obstetrics. — In parturition ergot is used to (1) promote uterine con- 
tractions, (2) to prevent postpartum hemorrhage, and (3) in subinvolu- 
tion of the uterus. Ergot is largely used in obstetrics to promote con- 
traction of the uterus. When the proper dose is administered, and the 
cervix is dilated, the drug tends to hasten normal delivery. The drug 
may be given orally, being effective in fifteen to thirty minutes. For the 
prevention of postpartum hemorrhage, the drug may be given as soon 
as the second stage of labor terminates, but should not be given until 
the placenta has been expelled. A dose of 2 to 5 cc. of the fluidextract 
is given subcutaneously or intramuscularly to arrest postpartum hemor- 
rhage. Its use during labor may predispose to rupture of the uterus 
or asphyxia of the child. In subinvolution or failure of the uterus to 
return to normal size after childbirth ergot may be used to contract the 
uterus. 

In Hemorrhage . — Ergot is used to treat internal hemorrhages 
of various types. It is, no doubt, administered in too small a dose to 
affect the blood pressure. It has been suggested in pulmonary hemor- 
rhage, because it contracts the blood vessels and tends to favor clotting, 
but clinical evidence to support its use is lacking. Ergot is also used for 
hemorrhage from the uterus in menorrhagia. Ergot is a time-tried 
remedy for excessive bleeding in young girls just starting to menstruate. 
Its use for hemorrhage from other internal organs is not rational. 

In treatment of menorrhagia, etc.: 

Strychnine Sulfate 

Hydrastine Hydrochloride 

Ergot Extract 

M. ft. caps. No. XX. 

Sig. : One, two hours after meals. 

As Circulatory Stimulant. — Ergot as a circulatory stimulant deserves 
more popularity than it has received. It is especially indicated in 
chronic vasomotor relaxations, such as cerebral congestion, colliquative 
sweats, relaxing diarrhea, etc. 

Standardization of Ergot Preparations. — All ergot preparations, 
especially those containing moisture, deteriorate with age. It is 
necessary therefore to standardize them, and the date of assay 
should be indicated on the container. 

Ergot is assayed officially in this country by the cockscomb method 
which measures the total pharmacologically active alkaloids. Ergot 


0.03 Gm. (gr.ss) 
0.65 Qm. (gr.x) 
2.50 Gm. (gr.xl) 
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Fluidextract, N.F., is standardized biologically by the production 
of cyanosis in the combs of white Leghorn roosters. The roosters 
are first standardized for color production by a standard fluidextract 
of known potency. 

Preparations 

Ergot, Fr^rota, N.F., B.P. Dosage: 2 Gm. (30 grains), 

Ergot Fluidextract, Fluidextractum Ergotae^ N.F. Ergot (100%), 
alcohol (40%). Dosage: 2 cc. (30 minims). Extractum Ergotae 
Liquidum, B.P. Dosage: 10-20 minims. 

Ergot Extract, Extractum Ergotae, N.F. Dosage: 0.5 Gm. (8 grains). 
Ergot Aseptic, N.N.R. This is an aseptic liquid of ergot, standardized 
biologically to the same potency as Ergot Fluidextract. 
Dosage: 1 to 2 cc. (15 to 30 minims) intramuscularly. 

OTHER ERGOT CONSTITUENTS 
Ergonovine (Ergometrine) 

Communications from four laboratories have been published, re- 
porting the isolation of a new oxytocic alkaloid from ergot. The 
Council of Pharmacy and Chemistry of the American Medical Associa- 
tion adopted the new, nonproprietary name ‘‘ergonovine. ^ ^ In Great 
Britain this preparation is known as ergometrine, 

Ergonovine comes under the broad definition of an alkaloid, with the 
formula, C,,Hj,0,N3. It is a colorless, crystalline material and is water 
soluble. Ergonovine salts are relatively stable. This alkaloid may be 
assayed by the cockscomb response. 

Pharmacological Action and Uses. — Ergonovine shares with er- 
gotamine and ergotoxine the property of causing uterine stimulation. 
The character of the contractions is similar to that described for ergot. 
Ergonovine, however, is much more rapid in action, for the uterine 
response occurs almost immediately after intravenous injection and 
within a few minutes after intramuscular or oral administration. 
Ergonovine differs from ergotoxine and ergotamine in that it is readily 
absorbed from the gastrointestinal tract. It shares with ergotamine 
and ergotoxine the ability to produce gangrene. 

Oxytocic Action. — ^When administered, in doses of from 0.2 to 
0.4 mg. by mouth, it causes typical ergot response in a few min- 
utes. Two tablets, each containing 0.2 mg. of ergonovine maleate, 
every four hours for six doses, and then three times a day for 
three or four days serve as a satisfactory post-partum prophylactic 
against hemorrhage. Favorable uterine response continues for from 
two to three hours. Intravenous administration of the same amount 
causes immediate response, characterized by great tonicity of action. 

In the Chicago Lying-in Hospital it is customary to give 0.2 mg. 
of ergonovine intravenously as soon as the head is delivered. The 
uterus contracts quite promptly, which assists in separation and de- 
livery of the placenta. This reduces the duration of the third stage 
of labor. The effects of this drug apparently last from four to six 
hours. 

Migraine. — Ergonovine is less effective than ergotamine, although the 
reverse is occasionally true when administration is by the oral route. It 
causes less nausea and vomiting than ergotamine and is also useful in 
patients who complain of severe paresthesias following ergotamine. 
Ergonovine is contraindicated during pregnanc 3 r because of its strong 
oxytocic action. The dosage and method of administration are the same 
as for ergotamine. 
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The drug produces no untoward symptoms; it has very little or 
no effect on blood pressure and pulse. There is apparently no cumula- 
tive action, and its toxicity is extremely low. Crystals of the drug 
are stable, while the aqueous solution tends to deteriorate. The 
powder is therefore best dissolved in water just before administra- 
tion. 

Stimulant of Sympathetic System, — Ergonovine is a stimulant of the 
sympathetic system (not a depressant). Unlike ergotoxine and ergot- 
amine it has little inhibitory action on epinephrine. Ergonovine 
inaleate shows little toxicity. The stimulating effect on the sym- 
pathetic system is evidenced by the mydriasis on instillation into the 
rabbit ^s eye. In large doses respiration is depressed. 

Preparations 

Ergonovine Maleate, Ergonovinae Maleas, U.S.P. Dosage: Tiitravenou.s 
or intramuscular, 0.2 mg. oral, 0.5 mg. (U.S.P.) . 

Ergonovine Maleate Injection, Injectio Ergonovinae Malcatis, U.S.P. 
A sterile solution of ergonovine maleate in water. Dosage: In- 
travenous or intramuscular, 0.2 mg. of ergonovine maleate. 
Ergonovine Maleate Tablets, Tahellae Ergonovinae Maleatis, U.S.P. 
Usual sizes contain 0.2 mg. and 0.5 mg. 

Less Important Ergot Constituents 

Amines. — Amines are decomposition products of proteins and 
probably do not exist in fresh ergot. 

Tyramine (OH.CeH^CHj.CHjNHj), parahydroxyphenylethylamine, like 
epinephrine, is a stimulant of sympathetic nerves. This action leads 
to a rise in blood pressure, but is not materially concerned in the 
uterine action. 

Histamine (C,H 3 N,(CHj)j,NH 2 ), beta-imidazolylethylamine, lowers 
blood pressure and stimulates the uterus. 

Acetylcholine, (CH,) 3 N.OHCH,CHjOCOCH 3 , a poisonous combination 
of acetic acid and choline occurring in ergot, is responsible for cardiac 
inhibition and blood pressure lowering caused by ergot. 

PITUITARY (POSTERIOR LOBE) 

The Pituitary Body. — The pituitary body or hypophysis cerebri 
is embryologically and chemically a highly complex structure. It con- 
sists of four component parts: the pars anterior, the pars intermedia, 
the pars nervosa, and the pars tuberalis. Functionally, it can be di- 
vided into the anterior lobe (pars anterior), and the posterior lobe, made 
up of the pars intermedia and the pars nervosa. Little is known of the 
pars tuberalis. Extracts of the anterior and posterior lobes display 
striking pharmacological properties. 

The nature of the active principles of the posterior lobe of the 
pituitary has been a matter of some dispute. Oliver and Schafer 
(1895) first observed the pressor effects of an extract of the posterior 
lobe. Dale (1910) demonstrated its oxytocic action, and Bell (1909) 
made use of this action in obstetrics, thereby introducing one of our 
most important therapeutic agents. Kamra and his co-workers (1929) 
separated the posterior pituitary extract into a fraction containing 
the oxytocic principle, '^pitocin,'' and one containing the diuretic and 
pressor principles, ''pitressin.^' It seems established now that there 
are at least two important principles in the posterior pituitary lobe. 
These principles are: 
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1. Pitooin , — ^Pitocin represents the oxytocic principle (alphahypoph- 
amine) of the posterior lobe, relatively free from pressor substance. 
Clinical experience with pitocin has shown that it is a satisfactory 
pituitary preparation for obstetrical use. It is used for stimulation 
of uterine contractions, in doses of 0.3 to 1 cc. intramuscularly. It is 
preserved with 0.5 per cent chlorobutanol. There has been some indica- 
tion that it acts rather more rapidly than the previously known pos- 
terior lobe extracts containing both principles. This may be due to the 
slightly more rapid absorption caused by the absence of local vasomotor 
effects. 




Pig. 27.— -Uterus tracing, blood pressure, and respiration showing the 
action of pitocin. Previous inJecUons had been made. The uterine 
effect Is mainly that of increased tonus. (From Jackson: Experimental 
Pharmacology and Materia Medica.) 

2. Pitressm , — This substance, betahypophamine, produces a rise of 
blood pressure by acting directly on the arterioles, causing vaso- 
constriction. Other actions are its ability to contract smooth 
muscle, and its diuretic and antidiuretic action. The diuretic 
action may be duo to the vasopressin action causing an increase 
in urine secretion, while the antidiuretic action is thought to ho due 
to an active principle distinct from that which acts on the blood 
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pressure but is contained in the vasopressin fraction. In diabetes 
insipidus the administration of pitressin causes a temporary in- 
hibition of urinary secretion. 

Solution op Posterior Pituitary, U.S.P., contains all the water- 
soluble principles of the posterior lobe. It may also contain variable 
quantities of nonspecific depressor substances which may cause a 
transitory fall in blood pressure; these substances are of no clinical im- 
portance but may be the source of error in experimental work. 

Pliannacological Action . — A hsorption and Excretion , — Pituitary ex- 
tract is readily absorbed following hypodermic injection. Oral admin- 
istration of the gland is ineffective. The excretion of pituitary prin- 
ciples is slow and occurs principally through the kidneys. 



Fiff. 28. — Blood pressure and respiration showing the action of a small 
dose of pitressin given after a previous very large dose. (From Jackson: 
Experimental Pharmacology and Materia Medica.) 

Action on the Uterus . — The strongest and most important action of 
pituitary extract is on the uterus, which responds by increased motoi 
activity, increase in tonus (Fig. 27), initiation of reinforcement of 
contractions, or by firm spasm. The action of pituitary extract in the 
intact animal and in human beings varies somewhat from the action 
in the isolated uterus submerged in a warm saline bath. The action 
in situ is apparently modified by various factors, such as the condition 
of the uterus, whether it is in the nonpregnant or pregnant state, or 
whether in the early or late stage. The organ responds more strongly 
to pituitary if it is in the actively contracting state, and the uterus 
seems more responsive in late pregnancy and during labor. The action 
on the uterus is more marked than the motor action on the alimentary 
tract. 
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Action on Urine Flow, — In man and unanesthetized animals pituitary 
extract decreases urinary flow, an action which is especially pronounced 
in diabetes insipidus. The hypodermic injection of pituitary extract 
reduces the urine output of ten to fifteen liters to a normal output, and 
by repeated injections the normal output may be retained, but the 
diuresis returns on stopping the drug. 

The antidiuretic action may be due to lessened glomerular activity 
or to an increased reabsorption of the fluid as it passes over the tubules. 
Some investigators feel that the action is probably due to increased 
reabsorption located in the loop of Henle. 



Pig. 29. — ^Myocardium and blood pressure showing action of pitressin. 

(From Jackson: Experimental Pharmacology and Materia Medica.) 

Action on Milk Secretion,, — Pituitary extract is an effective galacta- 
gogue, increasing the rate of milk secretion by eighty to one hundred 
times. The action apparently is directly on the unstriated muscles of 
the gland, as the results occur even if the secretory nerves are cut. 
This is not prevented by atropine, the muscle fibers being affected 
directly. Extracts of pituitary cause a tingling of the breasts and 
produce a secretion even in nonpregnant mammals. The increase some- 
times is only temporary and may be followed by a corresponding 
decrease of secretion. 

Action on the Stomach, Intestine, and Bladder, — The tone of these 
organs is increased, and relaxation is less complete. In the dog the 
pressor factor seems to be more important in its effect upon the intestine 
than the oxytocic principle. Pituitary relieves postoperative gas dis- 
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tention, an action which is less powerful than that of pilocarpine. The 
vesical muscle is stimulated by hypodermic injection of pituitary ex- 
tract. 

Action on Circulation: Action on Heart. — The rate of the heart is 
slowed by the pressor reflex. The contractions of excised hearts are 
strengthened by pituitary extracts; but in intact animals cardiac action 
is depressed by diminution of oxygen supply following coronary con- 
striction. The extract also slows the excised heart perfused with 
Ringer’s solution, which indicates that the muscle may be directly 
affected. 



Fig. 30. — Lung volume, blood pressure, and uterine tracings in a 
pithed dog, showing the action of pituitrin, histamine, and a second in- 
jection of pituitrin. The object of the experiment was to determine 
whether pituitrin caused either bronchoconstriction or bronchodilatation. 
Apparently neither action occurs if the drug is free from certain im- 
purities. (From Jackson: Experimental Pharmacology and Materia 
Medica.) 

Action on Blood Pressure. — Injections of posterior lobe preparations 
produce usually a rise in arterial pressure; in a certain number of 
persons, however, the rise may be slight and in some cases a definite 
lowering may occur. The effect of pitressin on the blood pressure is 
shown in Figs. 28 and 29. Pituitary action differs from epinephrine 
in that (1) it appears to be independent of nerve supply; (2) the 
action is not antagonized by ergotamine; (3) there is no acceleration 
of the heart, even after vagi section; (4) the constriction of the 
arterioles is accompanied by an increase in tone of the capillaries; (5) 
the rise is not as high as that obtained with epinephrine, but is more 
sustained. If large doses are repeated at short intervals, the rise 
becomes progressively smaller, and the depressor effect becomes 
more prominent. 

Action on Central Nervous System. — Somnolence and muscular weak- 
ness follow large doses of pituitary. The cerebrospinal fluid is increased 
apparently from a direct action on the choroid plexus. The action of 



548 MATERIA MEDICA, TOXICOLOGY, AND PHARMACOLOGY 

pituitary is, no doubt, a direct action on the terminal organs rather 
than on the nervous mechanism. 

Action on Eespiration . — Initial injections of pituitary extract cause 
respiration to become strengthened temporarily (Fig. 27) then de- 
pressed, respiration becoming slower and shallower. ^ This action is 
thought to be directly on the respiratory center. Pituitrin apparently 
has no bronehoconstrictor or bronchodilator action (Fig. 30). 

Toxicology. — Toxic effects are rare in the use of pituitary. Symp- 
toms of toxicity are tinnitus, anxiety, convulsions, mydriasis, and 
diarrhea. Rupture of the uterus and asphyxia of the fetus have 
occurred. 

Therapeutic Uses. — ^The posterior lobe of the pituitary gland is 
available for administration as the dried substance obtained from the 
gland of the ox, and also as the solution of posterior pituitary. 
It is principally used hypodermically. The aseptic ampules of the 
solution are employed almost exclusively. 

Obstetrics , — Solution of posterior pituitary is a powerful drug which 
when handled uncautiously in labor may prove dangerous to both 
mother and child. There are, however, certain rational indications for 
its use in obstetrics. First, in the abortion of early pregnancy to avoid 
or assist surgical evacuation of the uterus; second, in the medical 
induction of labor with castor oil and sometimes quinine, provided that 
oidy small doses (0.1-0.5 cc.) are used at thirty-minute intervals and 
that the drug is stopped the minute the uterus responds; third, in un- 
complicated cases of primary uterine inertia; fourth, in certain cases 
of abruptio placentae or atonic antepartum hemorrhage; and fifth, in 
atonic postpartum bleeding, where it may be given in larger doses intra- 
venously or intramuscularly. 

The following are the views of Hirst in regard to pituitary therapy in 
obstetrics. 

1. ‘‘Its routine use after third stage of labor is to be avoided and 
its administration only resorted to in case of hemorrhage and atony of 
uterine muscle. 

2. “It should be g^ven in primiparae for inertia uteri only when 
the head has passed the cervix. 

3. “It should be given in multiparae only when the cervix is thor- 
oughly effaced, fairly dilated and easily dilatable. 

4. “It should never be given to any patient, if there is an obstacle 
to an easy delivery. 

5. “One-half mil doses are as effective as one mil and superior.’^ 

Pituitrin in small doses is effective and safe when used to induce 

labor if it is indicated. The dose used should not exceed three minims, 
repeated three or four times at hour intervals. 

Diabetes Insipidus , — This condition responds to pituitary extract in 
about 90 per cent of the cases. The solution should always be injected 
hypodermically or intramuscularly, but .some absorption occurs when it 
is applied to the nasal mucous membrane. Hypodermic injection 
diminishes thirst and output of urine. When pituitrin is withheld, 
the output rises. 

Administer 1 cc. of the obstetrical pituitrin, or of pitressin. The dura- 
tion of relief varies from four to forty-eight hours. It is well to 
administer the injection at night in order to have a period of freedom 
during the sleeping hours. Since peristalsis is often increased by 
pituitrin, it is advisable to give the injection about two hours before 
bedtime in order to permit bowel movement before retiring. 
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Shock and Collapse . — Pituitary has been recommended in shock and 
in various stages of collapse, but it is ineffective in advanced shock, 
and is, at best, of only temporary value in incomplete shock. Pituitary 
is useful in raising the blood pressure. An injection of 1.0 to 2.0 c.c. 
of the official solution of posterior pituitary is recommended. The action 
is stronger than that of epinephrine but is often disappointing. 

Preparations 

Posterior Pituitary, Pituitarium Posterius, U.S.P. The posterior lobe 
obtained from the pituitary body of cattle. Pituitarium, B.P. 
Posterior Pituitary Injection, Injectio Pituitarii Po.sterioris, U.S.P. 

Dosage: By hypodermic injection, 1 cc. (15 minims). 

Ampules of Pitooin, N.N.R. An aqueous solution of oxytocic principle 
of posterior lobe of the pituitary gland, having an activity on 
the uterus equal to that of U.S.P. Solution of Posterior Pituitary, 
Dosage: 0.3 to 1 cc. (5 to 15 minims) intramuscularly. 

Ampules of Pitressin, N.N.R. Aqueous solution of the pressor and 
diuretic-antidiuretic principle of the posterior lobe of the pituitary 
gland having a pressor activity twice that of U.S.P. Solution of 
Posterior Pituitary, and equal to that of the Surgical Solution. 
Dosage: 0.3 to 1 cc. (5 to 15 minims) intramuscularly. 

QUININE 

The use of quinine has a rather undeserved reputation as an oxy- 
tocic. The uterus, in situ or excised, is stimulated by quinine in moder- 
ate doses and depressed by large amounts. Clinical doses produce little 
or no elfects, unless labor pains have started. Although quinine has 
been used with other adjuncts to initiate labor, it cannot be considered 
a potent and reliable uterine stimulant. 

It has been claimed that the administration of quinine (0.65 Gm.) 
preceded by two ounces of castor oil induces labor at term and hastens 
uterine involution (Baily, 1926). The action probably is due to the 
castor oil, because quinine is administered freely in malarial districts 
without fear of causing abortion. 

Quinine rarely produces toxic actions if the dose is limited to 0.6 Gm. 
I’he drug may pass tlirough the placcmtal barrier and cause toxic effects 
in the fetus. If quinine is usc<l to intensify labor pains, it should be 
restricted to patients at or beyond term. It has been recommended that 
small doses of posterior pituitary be administered following quinine. 
(See further discussion of Quinine under Antimalarial Drugs.) 
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CHAI^TER XVII 
DIURETICS 

Diuretics are drugs whi c h increase the formation of urin e. A large 
variety ot sub'itances can increase the volume of urine, for the kidney 
is a very complex organ and its activity may be modified in a number 
of different ways. The term diuretic, however, is reserved for those 
drugs which have a major action on the kidney which is applicable clin- 
ically. 

Urine Formation 

The pharmacology of the kidneys differs markedly from that of 
other glands, such as the salivary glands. Like most glands, the 
kidneys are supplied with nerves from the autonomic nervous system. 
While stimulation of these renal nerves may affect the secretion of 
urine, they have no direct influence on the kidney cells, the changes in 
renal function being due chiefly to alternation in the blood pressure; 
for example, atropine may stimulate circulation and consequently 
increase diuresis, but pilocarpine may influence urine formation 
by depleting the moisture of the body by stimulating sweat forma- 
tion. The kidneys may function well even when their nervous 
mechanism is severed. There is evidence that the kidneys contain 
both vasoconstrictor and dilator nerves. 

The Function of the Kidneys. — ^The kidneys are the chief organs 
that excrete nonvolatile substances from the body. The normal kid- 
ney is impermeable to colloids and therefore excretes none of the 
normal colloidal constituents of the blood. The chief functions of 
the kidneys are; (1) the excretion of the waste products of nitrogen 
metabolism, i.e., urea, uric acid, etc.; (2) the excretion of organic 
and inorganic constituents not needed or not metabolized by the body; 
(3) the maintenance of the osmotic pressure of the blood at a con- 
stant level, and the maintenance of the alkaline reserve of the blood 
by excretion of nonvolatile acids formed in metabolism. 

Theories of Benal Function. — The exact mechanism by which urine 
is formed is not known. No theory is likely to bo wholly correct, but 
the simplest theory of kidney secretion, that is in accord with a mod- 
ern knowledge of physical chemistry, is the theory postulated by 
Cushny (1926) and further strengthened by observations of Richards, 
and Wearn and Richards. This theory conceives that urine is formed 
at the glomerulus by a process of filtration, and that during its passage 
through the uriniferous tubules certain elements in it are reabsorbed by 
a vital process on the part of the tubular epithelium into the blood 
system of the kidney. The renal unit is shown in Fig. 31. This process 
is one of selective reabsorption. 

There are certain bodies in the glomerular urine known as ^'threshold 
bodies'^ which are necessary for the body nutrition and which have an 
established threshold value. These substances are found in the urine. 
Other substances found in the urine in the tubules are nonthreshold 
bodies” and are eliminated as waste matter. The process is one of 
filtration in the glomerulus, and in the tubules one of selective ab- 
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sorption of a fluid of the same composition as normal plasma, leaving a 
residue called urine. The glomerular filtrate contains; 

1. Nonthreshold substances, including such abnormal constituents as 
sodium nitrate, sodium phosphate. (Will act as diuretics in any con* 
centration.; 

2. Low threshold substances, such as area and potassium salts, uric 
acid, hippuric acid, creatinine, etc. 

3. High threshold substances, which are completely reabsorbed under 
normal conditions, e.g., glucose. (The low or high threshold substances 
will produce diuresis so long as their concentration in the plasma sur- 
passes their normal threshold value.) 

Mechanical Values. — 

1. Osmotic Pressure , — Osmotic pressure affects the secretion of urine. 
A large increase in the urinary flow can be brought about by the intra- 
venous injection of saline diuretics, such as sodium sulfate, potassium 
nitrate, or neutral crystalloids as urea or sugar. These substances, 
which either are not reabsorbed in the tubules or else are secreted by the 
tubules, raise the osmotic pressure of the fluid upon which the water- 
reabsorbing cells are operating and thus increase the water excreted. 



2. Filtration Pressure . — Filtration pressure, i.e., the difference be- 
tween the pressure in the glomerular capillaries and in Howman’s cap- 
sule, if reduced to one-third at the entering artery in the glomerulus, is 
insufficient for urine filtration. A decrease in concentration of plasma 
protein increases filtration. Such an effect is produced by the intra- 
venous injection of saline solution. 

An increase in pressure in the glomerular capillaries may be obtained 
by the administration of digitalis which stimulates the heart action. 
A. similar increase may be obtained by constriction of the efferent 
glomerular veins by small doses of epinephrine or pituitary. 
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3. Permeahilily. Tho permeability of glomeruli and tubules may be 
altered. Irritant substances, such as cantharidin, volatile oils, and 
possibly calomel, may act by irmtating the tubules and thus reducing 
their water-absorbing capacity. Certain drugs alter the permeability 
of the kidney. The glucoside, phloridzin, produces diuresis, and makes 
the kidney permeable to sugar. The threshold value of glucose is ap- 
proximately 0.2 per cent, but phloridzin lowers this threshold value to 
zero. Atophan lowers the threshold of uric acid excretion from a nor- 
mal of about 0.003 per cent to zero and causes the uric acid in the 
blood to bo excreted. 

Tables giving the percentage constituents of normal urine and plasma 
would show that substances like glucose or colloids are not excreted, 
those which are concentrated relatively little (Na, Cl, Ca, Mg), those 
which are moderately concentrated (uric acid, K, POJ, and finally 
those which are concentrated greatly (NH^, urea, SO^, creatinine). 

4. Oxygen Supply . — The kidney requires considerable oxygen for 
proper function, e.g., digitalis increases circulation and thus oxygen 
supply to the kidney. Hydrogen cyanide stops the oxidation process. 

5. Increase in Number of Functioning Renal Units . — There arc about 
a million renal units in each human kidney and Richards suggests that 
only a certain number of capillary tufts are open at once. Thus to 
increase kidney secretion the simplest method would be to increase the 
proportion of units functioning. Probably caffeine and urea cause an 
increase of these units. 

In the light of Cushny’s theory it is necessary to assume that the 
glomeruli filter 200 to 300 liters a day. These figures are not impos- 
sible, for the whole total surface of the glomerular membranes in the 
human kidneys are estimated to be over ten square meters, while the 
total length of the tubules is about fifty kilometers. The evidence is 
inconclusive whether the tubules can secrete substances as well as ab- 
sorb them, but whatever the mode of action, they perform a large 
amount of work and require an ample oxygen supply. 

Use of Diuretics. — Diuresis is theoretically desirable in a number 
of clinical conditions — anuria, oliguria, uremia, edema, and in toxic 
and infectious conditions — to eliminate poisons. The chief clinical use 
is to promote the excretion of edema fluid. Diuretics are indicated in 
congestive heart failure when edema and dyspnea persist after rest, 
digitalis in adequate dosage, and restriction of fluid and salt intake. 
Through diuresis the heart is relieved of the added burden of propelling 
the blood through the compressed blood vessels; the blood volume is de- 
creased, and likely the efficiency of the heart is increased by loss of 
edema from the myocardium. Ascites due to congestive heart failure 
generally disappears under diuretic therapy. However, hydrothorax, 
on the other hand, tends to remain unchanged and removal by me- 
chanical means is indicated. 

Physiology of Edema Formation. — Edema fluid arises from the blood 
and results from imbalance of those forces which govern the transfer 
of fluid across the capillary membranes. The capillary men)brane is per- 
meable to all the constituents of the blood except serum protein, lipoids, 
and cellular elements. As long as the hydrostatic pressure within the 
capillary is greater than the osmotic pressure exerted by the serum pro- 
teins, fluid passes from the capillary into the extracellular spaces and 
this occurs chiefly at the arterial end. On the other hand, extracellular 
fluid diffuses back into that portion of the capillary where the hydro- 
static pressure is less than the osmotic pressure of the serum protein — 
this occurs mainly at the venous end. 
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Three factors favor edema formation: (1) decrease in the concen- 
tration of serum protein, (2) increase in hydrostatic pressure within 
the capillary, and (3) injury to the capillary walls increasing their per- 
meability to protein. In the dependent edema, so often seen in con- 
gestive heart failure, the increased hydrostatic pressure within the 
capillaries causes the fluid to pass into the tissues. The capillary hydro- 
static pressure increases as the result of increased venous pressure, trans- 
mitted from the right heart to the venous end of the capillary. 

We must remember that diuretics have a limited value in nephritis 
because the injured kidney usually works to the maximum of its ability 
and it is impossible to increase the action by drugs. The treatment of 
kidney disease, must, so far as is possible, be directed at decreasing the 
load on the kidney by appropriate diet and by calling in other forces 
to assist in elimination of waste products, rather than by trying to 
force the injured tissue to perform more work. 

Prompt removal of edema from the body is conducive to the most 
rapid reestablishment of circulation. Many methods are used to rid 
the body of edema, such as paracentesis, rest in bed, the salt-free diet, 
restricted fluid intake, and digitalization. Other more specific measures 
are indicated. The use of diuretics is the most desirable of these special 
measures for the elimination of excess body fluid. The diuretic drugs 
most commonly used in medicine are included in the following classifi- 
cation. 

Classification of Diuretics 

I. Mercurial Diuretics 

A. Mersalyl (Salyrgan), U.S.P. 

B. Mersalyl and Theophylline Injection, U.S.P. 

C. Mercurophylline Injection, U.S.P. 

D. Meralluride Sodium Solution, N.N.B. 

II. Xanthine Diuretics 

A. Theobromine and Sodium Acetate, U.S.P. 

B. Theobromine and Sodium Salicylate, N.F. 

C. Theocalcin, N.N.R. 

D. Theophylline, U.S.P. 

Theophylline Tablets, U.S.P. 

E. Aminophylline, U.S.P. 

Aminophylline Injection, U.S.P. 

Aminophylline Tablets, U.S.P. 

P. Theophylline and Sodium Acetate, U.S.P. 

Theophylline and Sodium Acetate Tablets, U.S.P. 

III. Saline Diuretics 

A. Potassium Salts 

B. Acid-producing Salts 

IV. Miscellaneous 

A. Water 

B. Urea 

C. Glucose and Sucrose 

Mercurial Diuretics 

jiliretirrft ,are nr MOAt pnyerfnl-and consistently 
fytiVfl duiretics. Calomel was used for this purpose by Paracelsus in 
the sixteenth century. It was an ingredient of the famous ‘‘Guy's 
Hospital Pill." In 1886 Jendrassik showed that the administration of 
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calomel in cases of cardiac edema caused marked diuresis and increased 
the excretion of chlorides. Calomel immediately becam e a 

di uretic , but excessive diarrh ea a ^omoanie d its use and it began to lose 
favor as, j; JHuretic. 

Mode of Action, — Mercurial diuretics act on the tubules nf tha Tci d- 
np3L iTiterf^rinfr with the reabsorptiou of water and aodiiim ehi nridn. 
The effect on the heart is secondary. The fall in venous pressure may 
not occur for several hours after diuresis has begun from a mercurial 
intravenously, whereas the pressure begins to fall in about ten minutes 
after injection of the mercurial and a rapidly acting glycoside such as 
ouabain. 


The commonly used mercurial diuretics contain theophylline. The 
presence of this xanthine prevents necrosis of tissues at the^site of 
injection, prevents the storage of mercury and increases the concentra' 
tion of the mercurial within the kidney, thus facilitating diuretic action. 


5 3 13 O/Yg. 

, \\ A ajlZ'yyJuJ- 

^ iln \ cryiX-jC — 


I ' a 1 A 


^ Ojd. 


U HiUiMUUmUUUlUUUUii 


Figr. 32. — Carotid blood pressure and respiration showing the marked 
cardiac Irregularities and final ventricular fibrillation caused by repeated 
doses of mersalyl (salyrgan). (From Jackson: Experimental Pharma- 
cology and Materia Medica,) 

^Toxidty of Mercurial Compounds, — Toxic reactions to mercurial 
diuretics include dyspnea, substernal oppression, cyanosis, sweating, 
bradycardia and syncope. Mercurials in large doses affect the 
circulation. Fig. 32 shows that large doses of mersalyl (salyrgan) 
raise the blood pressure, produce marked irregularity of rhythm 
and finally ventricular fibrillation. Respiration is depressed. Nova- 
surol, 30 mg. per Kg., produces marked rise of blood pressure, ap- 
parently by vasoconstriction. Repeated large doses cause cardiac ir- 
regularity and death by ventricular fibrillation (D. E. Jackson, 1926). j/' 

The effect of mersalyl (salyrgan) on kidney volume, blood pressure, 
and respiration is shown in Fig. 33. 

Mercurial diuretics produce toxic action on the basis of sensitivity 
of the patient. This manifests itself as urticaria, rash, chills, and 
fever. The depletion of sodium caused by the diuretic action may occur 
with abdominal colic, muscle cramps, and nausea and vomiting. An- 
other reaction that is often overlooked is a spontaneous redigitalieation 
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due to mobilization of digitalis from edema fluid.* This may be avoided 
by placing the patient on a smaller digitalis maintenance dose or by 
administering a smaller amount of diuretic. Sudden death does oc- 
casionally occur but such a reaction is rare. The incidence can be re- 
duced if care is exercised in avoiding use of mercurials in hypersensitive 
patients and those with renal or hepatic disease. 

The direct toxic effects of the mercurial diuretics are principally on 
the kidneys, producing tubular degeneration, and on the gastrointestinal 
tract, producing stomatitis and colitis; chills and fever have also been 
noted, and more rarely a state resembling shock. A proportion of the 
sudden toxic effects, including the occasional sudden deaths, may be due 
to the development of hypersensitiveness to the drug. The reported 
fatalities and toxic reactions should not discourage the rational use 
of mercuric diuretics. They should, however, serve as a warning and 
explanation of what to expect in rare instances or following promiscu- 
ous use of such agents. 



Fig. 33. — Kidney volume, blood pressure, and respiration showing the 
action of mersalyl (salyrgan — 3 cc. of 2 per cent solution). (From 
Jackson: Experimental Pharmacology and Materia Medica.) 

Mersalyl (Salyrgan), U.S.P. — Salyrgaii is a complex organic mer- 
curial containing .39.6 per cent mercury. It is used especially in edema 
or ascites of cardiac origin. Profuse diuresis may follow a single in- 
jection. It is less toxic than novasurol and only very rarely has it pre- 
cipitated a toxic anuria. Salyrgan action depends on sufficient normal 
renal tissue and is therefore contraindicated in acute kidney diseases 
and advanced nephritis. 
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The formula for the following three commonly used mercurial 
derivatives are as follows: 
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The mercurial diuretics containing theophylline are all about equally 
effective. When they are administered by vein, diuresis begins in about 
thirty minutes and reaches its maximum within four hours. Diuresis 
occurs in a large majority of the patients when the patient is fairly de- 
hydrated. Smaller doses at more frequent intervals may be better than 
one large dose (2.0 cc.) once a week. The intramuscular route is 
preferable to intravenous. 

The administration of tablets arc effective in about 60 per cent of 
the patients. It is best to administer them after meals once or twice 
a day. Tablets of mersalyl and theophylline and of mercurophylline 
are available. Suppository administration of mercurials is effective in 
about 70 per cent of the patients. 

'Mersalyl and Theophylline Injection, U.S.P. — This preparation con- 
sists of a sterile aqueous solution of approximately 10 parts by weight 
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of inersalyl (CuHjcHgNOcNa) to 6 parts by weight of theophylline 
(CyHgN 40 s.H, 0 ). It contains about 42 per cent mercury (Hg). 

Mersalyl and theophylline injection has been demonstrated to produce 
less local reaction on intramuscular injection than mersalyl alone and 
to be somewhat more effective. It is believed that the more rapid re- 
sorption of mersalyl in combination with theophylline accelerates di- 
uresis and, by preventing the deposition of mercury, improves the local 
tolerance. It is used as a diuretic for dropsy in cardiorenal diseases, 
but is contraindicated in acute nephritis and chronic kidney disease with 
marked tubular and glomerular changes. 

Dosage, — For adults: Administer 0.5 cc. to test for susceptibility to 
the drug. If well tolerated the dose may be Increased to 2 cc. (each 
cubic centimeter contains mersalyl 0.1 Gm. and theophylline 0.05 Gm.) 
on the following day. Usually injections administered either intramuscu- 
larly or intravenously are not given more frequently than every three or 
four days. After relief from dropsy recurrences can often be prevented 
by occasional injections. For children: The dose for children is pro- 
portionately less than that for adults (0.25 cc. to test susceptibility, 
followed by 0.6 to 1 cc. the following day) . 

Mercurophylline Injection, U.S.P., is an aqueous solution of the 
sodium salt of a complex organic mercury compound (CMHMNOgHgNa) 
and theophylline in approximately molecular proportions. It contains 
mercury (Hg) equivalent to about 40 per cent of the labeled amount 
of mercurial compound. 

This drug is perhaps less toxic and more active than the mercurial 
alone. Crawford and McDaniel (1935) indicated that it is less toxic 
locally if extravasated into the tissues. They also show it to be more 
effective than mersalyl. Other clinical evidence indicates that the pres- 
ence of theophylline enhances the rate and completeness of absorption, 
so that the drug is effective and well tolerated either intramuscularly 
or intravenously. Supplementary administration of ammonium chloride 
tends to increase diuresis. 

Mercurophylline is indicated for removing excess fluid in congestive 
heart failure, nephrosis, and ascites associated with cirrhosis of the 
liver. It is contraindicated in chronic nephritis and acute kidney dis- 
ease. 

Dosage , — Administer an amount equivalent to 0.1 Gm. of mercury 
compound and 40 mg. of theophylline. Mercurophylline injection is 
supplied in a concentration of 10 per cent with respect to the sodium 
salt. When maximum diuresis is desired in patients with massive 
edema, administer 275 mg. in a single dose. In severe cases, reaccumu- 
lation of dropsical edema may be controlled with 60 to 110 mg. daily. 
The diuretic effect may be enhanced by 5 to 7 Gm. of ammonium chlo- 
ride administered orally on the preceding day. 

Merallurlde Sodluxu Solution, N.N.R. — This diuretic is a sterile 
aqueous solution containing approximately 119 mg. of meralluride 
(equimolecular quantities of mercurated allylsuccinylurea and theo- 
phylline) and 13 mg. of theophylline per cubic centimeter. One cubic 
centimeter of this solution contains 39 mg. of mercury and 48 mg. of 
theophylline. 

Meri^uride sodium solution is proposed for use in edema of cardio- 
renal disease of nephrosis, ascites of liver disease, and other con- 
ditions in which a mercury diuretic may be indicated. It is contra- 
indicated in acute nephritis and chronic kidney disease. 

It is rapidly absorbed following muscular injection. It may also be 
given intravenously. The usual dose of meralluride sodium solution 
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is from 1 to 2 cc. An initial test dose (0.5 cc. or less) should be given 
to detect sensitive patients who often react with symptoms such as 
stomatitis; gastric upset, skin reactions, and febrile reactions. 

Preparations 

Mersalyl, Mersalyl, U.S.P. Contains about 40 per cent of mercury. 
Mersalyl and Theophylline Injection, Injectio Mersalylis et Theo- 
phyllinae, U.S.P. Dosage: Intramuscular, an amount equivalent 
to: mersalyl 0.2 Gm. (3 grains) and theophylline 0.1 Gm. (1% 
grains). 

Mercurophylline Injections, Injectio MercurophylUnae, U.S.P. Dosage: 
Intramuscular, an amount equivalent to: the mercury compound 

0.1 Gm. (1% grains) and theophylline, 40 mg. (% grain). 
Meralluride Sodium Solution, N.N.R. Dosage: 1-2 cc. 


Xanthine Diuretics 


Von Schroeder, in 1887, demonstrated that caffeine with sodium 
benzoate increased both the volume and the solid constituents of urine. 
Richards and Plant (1915) and Cushny showed with rabbits that caf- 
feine could produce a diuresis at times when the renal blood flow was 
not increased. Richards observed that caffeine caused an increased 
capillary flow in the glomeruli of the frog which probably meant an in- 
creased capillary permeability. 

Caffeine, theobromine, and theophylline are formed by the intro- 
duction of methyl radicals into a corresponding number of NH, 
groups of xanthine. These groups occupy various positions in 
the xanthine (2, 6 dioxypurine) nucleus, consequently many methyl 
xanthines occur naturally, and several have been prepared synthetically. 


The general formula for 
xanthine 

(2, 6, dioxypurine) 


(1) (6) 

H— N— C=0 


/ 

(2) (5) (7) 
0=C O— N 
\ 


( 8 ) 
O— H 


(3) (4) (9) 
N— C— N 


/ 


The following xanthines are of therapeutic importance: 

1. Caffeine 1-3-7 Trimethylxanthine. 

2. Theobromine 3-7 Dimethylxanthine. 

3. Theophylline 1-3 Dimethylxanthine. 

Action and Uses , — The xanthines are of value therapeutically for 
their diuretic action and for use as myocardial stimulants. Theo- 
bromine and theophylline surpass caffeine in their diuretic, and per- 
haps in cardiac and muscular action. They are, therefore, generally 
preferred in cardiac edema, etc. Theophylline surpasses theobromine 
in diuretic efficacy, but its action is not so lasting; its action may 
produce gastric upset and occasionally renal irritation. Theobromine 
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is, therefore, generally preferred, sometimes preceded for a few days 
by theophylline. Caffeine is indicated if central stimulation is desired. 

The xanthines alone are rarely used today as diuretic agents except 
in cases in which the mercurial diuretics are contraindicated. Diuresis 
is not nearly as complete as when the mercurials are used. 

Table XXV 

Relative Actions op Xanthines 


DRUG 

DIURESIS 

CORONARY 

DILATA- 

TION 

CARDIAC 

STIMU- 

LATION 

C.N.S. 

STIMU- 

LATION 

RESPIRA- 

TORY 

STIMU- 

LATION 

SKELETAL 

MUSCLE 

STIMU- 

LATION 

Caffeine 

3 




1 

2 

Theobromine 

2 




3 

1 

Theophylline 

HEH 


■i 


2 

3 


•1 most potent. 


Mode of Action of Xanthine Diuretics , — The mechanism of action 
may be vasodilatation accompanied by cardiac stimulation. The action 
may be increased duo to the xanthines causing an increased permeabili ty 
of th^ glomeruli These compounds may also increase the number of 
glomeruli actively functioning. In order to produce diuresis with these 
compounds there must be a positive water balance. In fever (mild 
dehydration) no diuresis occurs. 

Cushny and Lambie (1921) observed that the diuretic action of caf- 
feine far outlasted the vasodilation of the renal vessels. From this 
observation they postulated that the permeability of the glomerular 
capsule must be increased and thus glomerular filtration enhanced. 
Others claim that the affinity of serum proteins for water is reduced, 
and evidence has also been reported to show a mobilization of fluid into 
the blood under the influence of the xanthines. 

Xanthine derivatives of clinical importance include; 

Theobromine and Sodium Acetate, U.S.P.— A hydrated double salt 
of theobromine sodium and sodium acetate (NaCtH^OaN^ + NaCaHjOa), 
containing approximately 60 per cent of theobromine. It acts like theo- 
bromine but has the advantage of greater solubility and of being well 
tolerated by the stomach. It is inferior in diuretic power to theo- 
phylline but is said to have more prolonged diuretic action. Dosage: 
Administer 0.5 to 1 Gm., preferably in capsules. If in solution admin- 
ister in peppermint water. 

Theobromine and Sodium Salicylate, N.F., contains sodium theo- 
bromine and sodium salicylate in approximately molecular proportions. 
It contains not less than 46.5 per cent of theobromine and not less than 
35 per cent of salicylic acid. It is a soluble salt with much the same 
action as caffeine, except that it has no stimulating effect on the central 
nervous system. Its action and uses are practically identical with 
those of theobromine and sodium acetate. Dosage: 1 Gm. (15 grains). 

Theocalcln, N.N.R., is a double salt or mixture of calcium theo- 
bromine ([C,H,0,N4],Ca) and calcium salicylate (rC,HBO,]aCa). It 
contains not less than 44 per cent of theobromine. 

Theocalcin acts like theobromine, but is more soluble. It has a saline 
taste and is only partially soluble in water. Administer orally. Dosage: 
Administer from 0.5 to 1 Gm. three times a day. 

Theophylline, U.S.P.— Theophylline is an isomer of theobromine or 
1-3, dimethylxanthine. It is slightly soluble in water (1:120). It is 
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prepared synthetically. Theophylline has a diuretic action similar to 
that of theobromine but is more powerful and is said to be not so last- 
ing. It is indicated in angina pectoris and edema of cardiac origin. 
Dosage : Capsules or tablets, 0.20 Gin. three times daily. 

It may cause nausea, vomiting, and diarrhea. Care must be exercised 
in the use of this drug, as it exerts a strong stimulating action on the 
central nervous system, and in several instances it has caused convul- 
sions. 

Aminophylline, U.S.P., or theophylline etliylenediamine, is a com- 
bination of theophylline and ethylenediamine. It contains 75 to 82 per 
cent anhydrous theophylline (C 7 HSO 2 N 4 ) and approximately 13 per cent 
ethylenediamine C' 2 ll 4 (NH 2 ) 2 . It is soluble in water 1:5. 

Aminophylline possesses similar action and uses to theophylline and 
theophylline and sodium acetate, but is more soluble. Used intra- 
venously, aminophylline is effective in relieving the paroxysmal dyspnea 
or pulmonary edema ot* cardiac origin. The xanthines present stimu- 
late the heart muscle. Some claim there is an increased coronary flow, 
but this has not been satisfactorily substantiated. 

Aminophylline is effective in the treatment of bronchial asthma, 
especially that not relieved by epinejihrine. 

As a diuretic the drug is given in doses of 0.1 to 0.2 Gm. three times 
a day orally, if indicated. Smaller doses are preferred in most cases. 
Aminophylline may bo administered in the form of rectal suppositories 
or as a retention (uieina. The intramuscular dose is 0.48 Gm. The 
intravenous dose is 0.24 to 0.48 Gm. to l>e given slowly (N.N.K.). 

Theophylline and Sodium Acetate, IJ.S.P. — This preparation con- 
tains between 55 and 05 per cent of anhydrous theophylline (C^HgOaN*). 
It is soluble in water (1:25). Its action is similar to theophylline but 
it has the advantage of being more soluble. 

Administration. — Theophylline and sodium acetate is a valuable 
diuretic. Do.ses of 0.2 Gm. (3 grains) every three hours, four times 
a day, should produce good diuresis. 

Urkparations 

Theobromine and Sodium Acetate, Theohromina et Sodii Acetas, U.S.P. 
Dosage: 0.5 Gm. (7^/^ grains). 

Theobromine and Sodium Acetate (Capsules, Capsulae Thcobrominac 
et Sodii Acetatis, U.S.P. Dosage: 0.5 Gin. (7% grains) theo- 
bromine and sodium acetate. 

Theobromine and Sodium Salicylate, Theohromina et Sodii Salicylate, 
N.F. Dosage: 1 Gm. (15 grains). 

Theophylline, Theophyllina, U.S.K Dosage: 0.2 Gm. (3 grains). 
Theophylline Tablets, Tabellae Theophyllinae, U.S.P. The usual sizes 
contain 0.1 Gm. and 0.2 Gm. 

Aminophylline, Aminophyllina, U.S.P. (Theophylline Ethylenediamine, 
U.S.P. XII). Dosage: 0.2 Gm. (3 grains). 

Aminophylline Injection, Injeetio Amino phyllinae. U.S.P. (Theophylline 
Ethylenediamine Injection, U.S.P. XII). Dosage: Intramuscular 
or intravenous 0.1 Gm. of aminophylline. 

Aminophylline Tablets, Tabellae Aminophyllinae, U.S.P. (Theophylline 
Ethylenediamine Tablets, U.S.P. XIT). Usual sizes contain 0.1 
Gm. and 0.2 Gm. 

Theophylline and Sodium Acetate, Theophyllina et Sodii Acetas, U.S.P., 
B.P. Dosage: 0.2 Gm. (3 grains). 

Theophylline and Sodium Acetate Tablets, Tabellae Theophyllinae et 
Sodii Acetatis, U.S.P. Usual sizes contain 0.1 Gm. and 0.2 Gm. 
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Saline Diuretics 


The volume of urine is increased by all salts that are excreted by 
the kidneys. The saline diuretics may well include those sub- 
stances which act by salt action. Such substances include nontoxic salt 


solutions, urea, glucose, etc. ^ • 

Mode of Action . — Saline diuretics raise the filtration pressure by in- 
creasing the total quantity of fluid, and by lowering the viscosity, 
thereby reducing friction in the arterioles and capillaries.^. Tno in- 
crease in fluid diminishes the water affinity of the colloids. Some of 
the saline diuretics may act by stimulating the secretory cells or by de- 


pressing reabsorption by the tubules. 

For convenience the saline^’ diuretics may be divided as follows: 
potassium salts and acid-producing salts. The saline diuretics^ are fre- 
quently used to enhance mercurial diuresis. The administration of 3 
Gm. of am monium chlo ride for two or three days before the mercurial 
diuretic is**given may increase diuresis as much as 20 per cent. ^ Potas- 
siiyjDL-Chloride and am monium nitrate will also enhance diuresis. 

Potassium Salts. — Ceflain p otassium g ilts ( KCl, KNO» , KHCO ,) have 
been used as diuretics in clinical medicine for many years. Wilks and 
Taylor (1863), and more recently Barker (1932), and Keith and Binger 
(1935) used potassium salts with considerable success. Keith (1925- 
1935) showed that following the administration of potassium salts the 
kidney was able to concentrate the potassium delivered to it by the blood 


serum approximately fifty times. Lack of absorption by the renal 
tubules is the most plausible explanation of this concentration of potas- 
sium. Potassium nitrate caused a relatively greater diuresis and gp*eater 
increase in the excretion of chloride and sodium than did any of the 
other salts. 


Administration . — The usual initial daily dose of potassium chloride is 
9 grams, and that for the nitrate and the bicarbonate is 12 grams. 
Administration of the chloride or the nitrate in doses of 0.5 gram, in the 
form of an enteric coated pill, is advised. The use of potassium salts 
is contraindicated in extreme cases of oliguria, or when the value for 
urea is greater than 100 mg. per 100 cc. of blood. 

Acid-Producing Salts. — The diuretic action of acid-producing salts 
depends on the administration of large doses and on the liberation 
of the acid radical within the body. The common salts possessing 
diuretic properties include calcium chloride, ammonium chloride, and 
ammonium nitrate. 


The diuretic action of acid-producing salts is thought to be caused by 
the shift in the acid -base equilibrium to the acid side, and the specific 
effect of the individual acid radical. The nitrate radical has possibly 
the most marked diuretic effect, while the chloride radical produces the 
most marked shift in the acid-base balance toward the acid side. Ex- 
perience has shown that the administration of acid-producing salts pre- 
liminary to the use of mercurials is an excellent method of producing 
effective diuresis. 


Administration . — The daily doses recommended for diuretic purposes 
are as follows: calcium chloride, 10 grams; ammonium chloride, 9 
grams; ammonium nitrate, 12 grams. Administration of 0.5 gram doses 
in enteric coated pills is recommended. When administering the chlo- 
ride. the possibility of acidosis must be kept constantly in mind. 
Methemoglobinemia m^ develop after the use of ammonium nitrate. A 
temporary renal insufficiency may occur. The use of these salts is 
contrainfficated when the value of urea is 75 mg. or more per 100 cc. of 
blood. 
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For production of diuresis: 

n 

Ammonium Chloride 30.00 Gm. (Jj) 

Anise Water 30,00 cc. (fjj) 

Glycyrrhizae Syrup q.s. ad 120.00 cc. (fSW) 

M. Sig.: One or more teaspoonfuls as directed. 

Miscellaneous Diuretics 

Water. — ^Water is a true physiological diuretic. Its mode of action 
is not definitely known. Evidence seems to indicate that the posterior 
pituitary is a gland of internal secretion which regulates the excretion 
of water in mammals. In the absence of the posterior pituitary, marked 
disturbances in water metabolism result. This glandular principle may 
control the water-reabsorbing activity of the tubules (Smith, 1937). 
Thus after ingestion of water, posterior pituitary activity decreases, the 
concentration of the antidiuretic hormone in the blood falls, tubular 
reabsorption of water decreases, and diuresis results. It seems quite 
apparent that decreased tubular reabsorption is the basis of water 
diuresis. 

Although water is seldom considered a diuretic drug, the forcing of 
fluids is a recognized therapeutic measure. In edema, obviously water 
administration is contraindicated as a therapeutic measure, as it would 
further increase the formation of edema fluid. 

Urea. — Urea, CO(NH,)j, is an effective diuretic, acting probably by 
simple osmosis. The drug is soluble in water (1:1) and in alcohol 
(1:5). It exists in colorless, transparent, and almost odorless crystals. 
It has few, if any, toxic properties. 

Urea in doses of 20 to 60 Gm. (% to 2 ounces) is a useful diuretic. 
It acts as a nonthreshold substance, taking water with it when excreted 
by the kidney. It is frequently used with the mercurial diuretics. 

Urea is not a widely used diuretic. Hyman (1936) reports its use in 
alternate periods of three to five days of administration and omission, 
with excellent diuresis in 83 per cent of the cases and no toxic effects. 
The drug has an objectionable taste and, of course, is contraindicated 
in patients already retaining nitrogen. The following prescription is 
given us by Beckman: 

Urea 30.00 Gm. (3j) 

Acacia 12.00 Gm. (Siij) 

Cinnamon Syrup q.s. ad 120.00 cc. (fSiv) 

M. Sig.: One or more teaspoonfuls well diluted. 

Glucose and Sucrose. — Glucose and sucrose are commonly used 
diuretics. Glucose must be given in suflScient amounts to exceed the 
renal threshold for this substance. The glucose not reabsorbed in the 
proximal tubule of the kidney exerts an osmotic effect in the loop of 
Henle and thus produces diuresis. Glucose must be given intravenously 
in large doses and in high concentration to be effective. The usual dose 
is 50 cc. of 50 per cent solution. 

Sucrose may be even more effective than glucose. Although the sucrose 
molecule is twice as large as the glucose molecule, and therefore exerts 
one-half tj^e osmotic effect of glucose, nevertheless, it cannot ^be 
metabolized when administered by vein and thus circulates as a foreign 
substance until excreted by the kidney. Of importance too is the fact 
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that tubular reabsorption of sucrose is negligible. The usual dose is 
100 cc. of 50 per cent solution. 

Other drugs, such as digitalis, thyroid, and parathyroid, possess 
diuretic action but they are not primarily diuretic drugs. 

Preparations 

Ainmoniuin CJiloritle, Ammonii Chloridum, U.S.P. Dosage: For diuresis 
from 3 to t) Gm. (45 to 90 grains) daily, care being taken 
to avoid excessive acidosis. B.P., 0.3-4 Gm. (5-00 grains). 
Ammonium Chloride Capsules, Capsulac Ammonii Chloridi, U.S.P. 

Usual sizes contain 0.3 Gm. or 0.5 Gm. 

Calcium Chloride, Calcii Chloridum, U.8.P., B.P. Dosage: 1 Gm. (15 
grains) in solution. 

Potassium Chloride, Fotassii Chloridiim, U.S.P. Dosage: 1 Gm. (15 
grains). 

Potassium Chloride Tablets, Tahcllae Fotassii Chloridi, U.S.P. Usual 
sizes contain 0.3 and 0.5 Gm. 

Potassium Nitrate, Fotassii Nitras, N.F. (Haltpeter). Dosage: 1 Gm. 
(15 grains). B.P., 5-15 grains. 

Potassium Acetate, Fotassii Acetas, U.S.P., CllaCOOlv. Dosage: 1 
Gm. (15 grains). B.P., 1-4 Gm. (15 00 grains). 

Sodium Sulfate, Sodii Sulfas, U.S.P. (Glauber’s Salt). Dosage: 15 
Gm. (4 drachms). B.P., 2-10 Gm. (30-240' grains). 

Urea, Vrea, U.S.P., B.P. (Carbamide). Dosage: 8 Gm. (2 drachms). 

Use of Diuretics to Control Edema in Heart Disease 

The most effective diuretics are i)robably the mercurials which produce 
diuresis through interfering with reabsorption of fluid by the renal 
tubules. Mercurophylliiie injection, mersalyl and theophylline injection, 
or meralluride sodium solution may be used. They are usually given 
intravenously in doses of 1 to 2 ce. once or twice a week. The 
muscular route is probably as effective and is safer. 

When parenteral therapy is contraindicated, mercurophylliiie may be 
administered orally or rectally, but the results are not quite as 
effective. 

The xanthine diuretics are loss effective than the mercurials, but 
excellent results often occur. Theobromine and sodium acetate or 
aminophylline may be given in doses of 0.2 Gm. three times a day. 

The saline diuretics may be given, such as ammonium chloride or 
ammonium nitrate in doses of 2 Gm. three times a day. Potassium 
chloride, 5 Gm. a day, may be given in divided doses. Urea may also 
be tried in a dose of 10 to 50 Gm. daily, well diluted. In persistent 
cases of edema, diuretics may be given for many months with little fear 
of kidney damage, if blood urea concentration is normal. 
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CHAPTER XVIII 
BIOLOGICALS 
I. VITAMINS 

‘‘For it is now clear to anyone who will study the evidence, 
that nutrition has greater constructive potentiality than science 
had foreseen, and that even in the everyday choice of food we 
are dealing with values which are above price, for the health 
and efficiency, duration and dignity, of human life. * * 

— Henry C. Sherman. 

The following definition for vitamins is commonly given: Vitamins 
are accessory organic substances which exist in small quantities in foods ^ 
produce no energy themselves, but influence nutrition by regulating 
metabolic processes in cells by virtue of their specific molecular structure. 

Since vitamins are indispensable constituents of the diet, and since 
disease produced by their absence can be cured by their administration, 
they may be considered therapeutic agents. 

We should recognize that there is nothing mysterious or magic about 
vitamins. They are necessary compounds which the body itself cannot 
synthesize. There is no essential difference, for instance, between the 
amino acids and the vitamins. It is as important to have an adequate 
supply of the indispensable amino acids as to have the required quan- 
tity of the various vitamins. To secure the proper intake of amino 
acids one selects a diet rich in proteins containing the various amino 
acids. Likewise, in order to prevent vitamin deficiency, the logical 
course is to select natural foods that are rich in the various vitamins. 
It is well to bear in mind that a diet which is well balanced and con- 
tains sufficient calories will, as a rule, be found to contain adequate 
amounts of the several vitamins necessary for adults. Foods such as 
fruits, tomatoes, carrots, cabbage, milk, butter, eggs, liver, whole wheat 
flour, and fish are all rich in vitamins. On the other hand, white flour, 
sugar, lard, and syrup contain little or no vitamins. 

At present there are twenty or more naturally occurring compounds 
having vitamin activity which have been isolated and identified. Several 
others have been postulated. Although they act essentially as catalysts 
in the complex chemical processes of life, daily replenishment is needed 
not only during growth, but throughout life. The partial lack of any one 
of them interferes with bodily health, more severe deficiency causes 
anatomical changes, and total lack in time causes death. 

It is becoming more fully recognized that mild and latent forms of 
vitamin deficiencies are common in medical practice. Recently the most 
striking signs and symptoms of some deficiency syndromes have been 
shown to be specifically related to some one vitamin, but it must be 
emphasized that, in man, there is always more than one deficit, that 
foods are complex and that total diets are even more complex* Further- 
more, there are relationships between all nutrients during digestion and 
absorption and metabolism so that a lack of one or another essential 
substance may interfere with the proper utilization of others. 

The normal alimentary tract absorbs all vitamins. Mineral fats inter- 
fere with the absorption of fat-soluble vitamins, especially A and 
carotene. Bile is essential for the absorption of vitamin K. The skin 
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probably does not absorb the water-soluble vitamins B and C, but it 
absorbs the fat-soluble vitamins A, B, and K in sufEicient amounts to 
have curative effects. 

The mode of action of vitamins is not fully understood. Their action 
is generally that of coenzymes, the simple parts of special enzyme 
systems. 

It is a good practice to depend on the proper foods for vitamins. It 
is cheaper and furthermore it is very probable that many vitamins yet 
undiscovered may be essential for our bodily health, and the only sure 
way of getting these substances is in natural foods. Since the average 
American diet is low in vitamins A, D, and also in vitamins of the B 
complex, it is highly important to fortify our dietary with these vita- 
mins. 

The usual causes of an insufficient supply of vitamins are: 

1. Decreased intake due to fashions, fads, special diets, diabetes, and 
poverty. 

2. Decreased absorption, distributicn, or use, due to gastrointestinal 
diseases, sprue, colitis, diarrhea, liver disease, cardiovascular disease. 

3. Increased needs, as during growth, pregnancy, lactation, exercise, 
fever, and other causes. 

4. Increased loss, as during diarrhea, polyuria, and sweating. 

Vitamins are not stimulants and will not cure that ‘Hired feeling’' 

unless the patient actually suffers from avitaminosis. There is no 
known antirheumatic vitamin. There is no satisfactory evidence 
that vitamins improve the output of factory workers. It has 
not been clearly shown that any vitamin has any relationship to rheu- 
matic disease. It is true that deficiency of certain vitamins exists not 
infrequently in patients with arthritis; in such cases vitamin therapy 
will indirectly benefit the arthritis. Vitamins in such cases are part of 
the treatment for general health and not a “specific” treatment for 
rheumatic disease. There is no convincing evidence that vitamins in- 
crease resistance against infection in any individual receiving an 
adequate diet. The effect of vitamins on immunity is still purely 
speculative. 

Indiscriminate use of vitamins should be discouraged as our knowl- 
edge of these substances is not complete. An excess of one vitamin 
may tend to an increased requirement of another. Excessive vitamin 
intake appears capable of increasing the virulence of certain virus 
infections. There is also evidence to indicate that certain diseases 
not only are caused by vitamins, but, on the other hand, other dis- 
eases may be encouraged by certain vitamins. 

In disease, the administration of concentrated vitamins is often in- 
dicated. In gastrointestinal disturbances the absorption may be so 
impaired that only a small percentage of the vitamin intake is absorbed. 
Frequently the diet is modified so that the intake of vitamins is inade- 
quate. In certain diseases the destruction and consumption of vitamins 
may exceed the intake. Often lack of appetite leads to vitamin B, 
deficiency, which in turn causes further anorexia and loss of appetite. 

Early symptoms of vitamin deficiency are the neurasthenic symp- 
toms: asthenia, depression, irritability, and apprehension. The sjunp- 
toms vary with the deficiency and are possibly due more to the psycho- 
logical make-up. Often symptoms are precipitated by some illness or 
infection, overwork, or pregnancy. Often the diet which has been just 
sufficient for normal living fails when the body demands extra vitamins. 
The presenting symptoms are usually not specific or diagnostic of the 



Table XXVI 

Becommended Daily Allowances for Specific Nutrients* 
Committee on Food and Nutrition, National Kesearch Council, May, 1941 
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nutritional deficiency. An evaluation of the diet is often the only prac- 
tical diagnostic method available to the physician for detecting vitamin 
deficiency. 

Daily Vitamin Needs 

Daily needs are really rough estimates of what a normal person in 
good health actually uses. Allowances recommended by the Committee 
on Food and Nutrition of the National Research Council in May, 1941, 
are shown in Table XXVI. The allowances for thiamine, riboflavin, 
and niacin (nicotinic acid) are proportional to the caloric intake. This 
relationship has been established for thiamine and has been assumed 
for riboflavin and niacin because they, like thiamine, form part of the 
enzyme systems involved in the metabolism of carbohydrates. The 
following recommendations are given: 

Thiamine 50- 70 micrograms per 100 calories 

Riboflavin 70-100 micrograms per 100 calories 

Niacin 500-800 micrograms per 100 calories 

General Rules op Vitamin Therapy 

1. The daily therapeutic dose of vitamins should be at least five times 
the maintenance requirements. 

2. Since vitamins may lx? administered in amounts many times the 
maintenance requirements without toxic etfects, it is better to Vje on the 
safe side, and give too much ratlier than too little. 

3. Oral administration is the method of choice. If the oral route is 
contraindicated, hypodermic or intramuscular injection is preferred 
when suitable preparations are available. Intravenous administration 
is effective but wa.steful, as large quantities are lo.st in the urine. 

Vitamins of special interest to the medical profession are marked (*). 
The others may be lacking in the diet but as yet have not been definitely 
connected with any specific deficiency symptoms in the human being. 

Table XXV 11 


Water-Soluble Vitamins 

Vitamin B Complex 

*Thiamine (Vitamin B,) 

^Riboflavin (Vitamin B, or G) 

^Nicotinic Acid or Nicotinic Acid 
Amide (Niacin or Niacin Amide) 
Pyridoxine (Vitamin B^) 

Pantothenic Acid (Filtrate Factor) 

Clioline 

Biotin (Vitamin H) 

Inositol 

Para-aminobenzoic Acid 
Folic acid 

* Ascorbic Acid (Vitamin C) 

Citrin (Vitamin P) 

Fat-Soluble Vitamins 

* Vitamin A and Carotene 

* Vitamin D or Activated Ergosterol 
Alpha-Tocopherol (Vitamin E) 

* Methyl Naphthoquinone (Vitamin K) 
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WATER-SOLUBLE VITAMINS 
Vitamin B Complex 

The term ^‘Vitamin B Complex’^ is applied to a group of substances 
which have been shown to be constituents of what was formerly called 
vitamin B. So far, ten members of the B complex have been described 
and a pure compound has been associated with each vitamin. 

Mode of Action. — Little is known of the action of the B complex 
vitamins. As you know, the activities of the body cells depend on en- 
ergy changes; the most important changes are associated with oxida- 
tion-reduction reactions. The ceils contain pairs of substances which 
form oxidation-reduction systems which form series through which atoms 
are transferred from the foodstuff molecule to molecular oxygen. Re- 
cently it has been shown that some of these substances in the oxida- 
tion-reduction systems are members of the B complex. For example, 
the yellow enzyme of Warburg and Christian found to participate in the 
oxidation of hexoses is a combination of riboflavin ‘phosphate and a 
protein. The various coenzymes involved in similar oxidations were 
found to be phospho-pyridine nucleotides, in which the structure of 
nicotinic acid is found. The oxidation of carbohydrates also involves 
the action of carboxylase. It has beeen shown that the associated co- 
enzyme that used to be called co-carboxylase is thiamine diphosphate. 
These examples show how closely certain members of the B complex 
are knit into the fundamental cellular processes. 

Symptoms of Vitamin B Complex Deficiency. — Vague malaise, weak- 
ness, lassitude, nervous irritability, mild depression, muscle pains* 
gastrointestinal symptoms, and anorexia are early symptoms of all 
group B deficiencies. Later, physical signs develop in fairly definite 
patterns. All symptoms and signs resulting from dysfunction or de- 
generative changes of the peripheral nerves and heart are attributed 
to thiamine deficiency. Nicotinic add deficiency seems associated with 
certain dermatoses and lesions of the mucous membranes and symptoms 
referable to the cerebral cortex and midbrain. Biboflavin deficiency is 
associated with other changes in the skin and mucosae and a variety of 
disorders of the visual apparatus. In addition, there are certain ocular 
disturbances and dermatoses which respond only to all the vitamins of 
the B complex. 

Vitamin B Complex Therapy. — ^Recent findings indicate that the 
factor of balance of the vitamin B factors in the diet may be of im- 
portance. Only for patients with specific clinical deficiencies are the 
specific vitamins indicated. In such cases they are always given in 
addition to the whole complex. In cases with severe symptoms large 
doses are advised for short periods because prompt treatment is im- 
perative (Joliffe, 1941). Since B vitamins are easily destroyed in the 
gut if gastric acidity is low, and since they are readily excreted in the 
urine, sweat and diarrheal stools, repeated and large doses (5 to 10 
times normal needs) are necessary (Spies et al., 1940). The other 
vitamin B factors may be essential; however, if thiamine, riboflavin, 
and niacin are present in sufficient amounts in natural foods, the other 
members of the B complex may be considered adequate. 

In any illness in which food cannot be given adequately, the vitamin 
B complex should be given to avoid the development of a deficiency 
state. 

Natural Sources of B Complex Vitamins. — As the basis of all ther- 
apy with B vitamins, one of the natural sources known to contain all 
the members of this group should be chosen. Wheat germ, liver, and 
yeast are three such sources. 
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Wheat Germ. — Wheat germ is an excellent source of the natural 
form, not concentrated. It is usually standardized. Wheat mid- 
dlings is another valuable and economical source of the B vitamins. 

Liver. — Liver concentrates and extracts are made especially to supply 
the antipernicious anemia factor. Much of the thiamine and other 
factors are lost and must be provided for. The crudest form is richest 
in vitamins and poorest in antipernicious anemia factor. Many prepara- 
tions on the market contain extra crystalline vitamin B factors. 

Yeast. — Brewer ^s yeast contains all of the known B factors, namely, 
thiamine, riboflavin, niacin (nicotinic acid), pyridoxine, pantothenic 
acid, inositol, biotin, para-aminobenzoic acid, choline, as well as others 
not isolated. Yeast provides an excellent form for the treatment of 
vitamin B deflciencies. It is available in powdered and paste forms, as 
well as in compressed tablets. 

Thiamine (Vitamin B,) 

Thiamine or vitamin Bi w’as first isolated in crystalline form in 
1926 by .Jensen and Donatli, and its empirical formula was determined 
by Windom in 1932. It was synthesized and its structural formula 
determined by Williams in 1936. Thiamine hydrochloride is a white 
crystalline substance readily soluble in water and possessing a salty 
nutlike flavor. The empiric formula is CiJIinN^OSCh, and the struc- 
tural formula is as follows: 


N=C~-NH,HC1 CH, 



Thiamine Hydrochloride (Vitamin Bi) 


In the dry state, thiamine hydrochloride is stable, and heating at 
100® C. for twenty-four hours does not diminish its potency. In aqueous 
solutions (at pH 3.5) it can be sterilized at 120® C. for twenty minutes. 
It is rapidly destroyed in neutral or alkaline solutions. This vitamin 
also seems to be v(^ry rapidly destroyed in dehydrated meats and 
vegetables when the moisture content is approximately 5 per cent. 

Thiamine is readily absorbed from the gastrointestinal tract or follow- 
ing other modes of administration, and is stored in all tissues, especially 
the liver, brain, kidney, and heart. Under normal conditions there is 
probably little destruction of thiamine in the digestive tract, although 
intestinal disturbances may seriously retard absorption of this vita- 
min. The possibility of thiamine being synthesized by the bacterial 
flora of the gastrointestinal tract must not be overlooked. It should 
also be mentioned that the ingestion of live yeasts may render thi- 
amine consumed in other foods unavailable for human beings (Parsons 
et al., 1945). 

The capacity to store thiamine is rather small, and thus its absence 
in the diet causes the limited reserve to become depleted quickly. Symp- 
toms of deficiency, however, do not appear for several weeks or even 
months after depletion has occurred. High vitamin B, diets increase 
the store for several weeks, excess being eliminated in the urine. Thi- 
amine is also destroyed in the body, the rate being increased by in- 
creasing the metabolic rate, whether by exercise, administration of 
thyroid, or by other means. 



The Vitamins 


572 MATERIA MEDICA, TOXICOLOGY, AND PHARMACOLOGY 



ci V 

ft 

a 

a> 

o 'O 

o 'a 
**1 


S’S'g 

}0 o 
^ W) ® 

Ph O 
— « 

i'3'S.§ 

g)rT 3 t> 5 


o 

o 

.o 


l'3£§‘S K 

5 ^ ic t= 2 g «• 

g o ^ 2 9 o 
<H -S e 9 « o ** 

•|'S§I ^8 


in 

o 


-- 1 e 

SL cj ^ o 
,o'^ c«M O 


c3 p 

4J “ 
© M 


w) a 

,S tig 

^ o -2 

N CO ® 

qO-^ !3 


i: © 

8 «i 

p 2 o -S § ^ 
| 3 «H O^H a 
O M 


be 

CO .. 

g 

'^6 


to 

B >« 
s ^ 

M U 

S9 « 

CQ 

09 

O 


8> 


® » 
, 4 ^ «rH 

m « 

• fH CQ 
CO S2 
O 03 S 

I'a^a'i o s 
i§2 I £ 2 
hq;z;M 


fl a'^i 
§ o & 

M 

w q srj © 

A as ^ © 
rn S 

*« rt > 

g ® 03 .O 

*■*2 m ^2 

8'-i3 g g 
rt ’S ^ 

So© aJL.„ 
-O fl O cS 

sfo-H 


«H 

d 


a.s 


, ^ OS O 

Ipqoci^ 


O 


fe a 
2 2; 

g 'O ^ 

o) a> ^ 

a 

O © fl 

d t: 03 


o 

o 

d 


^ © pd 

|2 

-2 .2 J ^ 

2 ti ^ 03 o ^ 

® ’© O S? 2 

•fh 09 o CO 

I© Ord O “ © 
Ld F>^ O O pd 

lO P QQ 1.3 CU 


ol flii i oT m' oT 

> > S>2 S 2 

33 gS S'S 

«3 3 3 a 

11 ^ 8 ) .S.g 

^ M g 

2^S|i"‘§ 

M 2 Eb © if s' 

I® -i'..-.il 

,-: 3 -.- 3 -§ g g.g 
rd o o is ;d d o 

lo 


S «4-l 00 • 

Odd 
S rt d 

a £?^ 

d ^ a ' 
'd -S > 
d ,s; «H 

a ® 

M pS< m 

o S ns © 

l2 S W 

rg © ^ d 

I * 

-M'rp 'd rp 

'iSi§ 


o 

a 

a m 

QJ ^ 

"IS 

»2 d 

gf| 

in 

d o 

13 ns 
.§§ 




rt a ©*' 2 ^ 

IsSSs 


a 

S § 
fe I S' 8) ►. 
r ^-23 o § 

H © ^ ^a 

l:Sa)l'g'g 

• p bo c- g ° 

a ® ,2 g 








BIOLOGICALS 


)o % 

' lO § 

-.s'® 

►» o 

I 2 

3 gta 
S-^-So 

I ® a o 


bA 

B 

l§ 


bo 

B 

o 

o 


o 0 
o o 

iO $ 


CO 


5 

«- -s 

l^'S 

m 0) 

'Orta 
.. * w 

M g 

3-'3§^si’i 

,gn3«H ro « a g 
-«Jl fl w 




bo bo 

a a 

ifi o 

kO 

o o 

^ -M 

O O 
O 


'^1 
frt 'S 

-<11 M 


^ 3 

fe ^ « 

o ***< o *a 

CM 0 


Of O o3 

Ss 3 

S CX) o 


m ^ ro 

s e 

ii2; 


s 'e 

^ 3 


a 

a> 


•jH a> 

»-i ^ 

c4 w el 

^ S --S 2 

-2 § « -S 

U ^ J2 ci 
^OOO 


en 

3 

O 

M CO 
O) O 

^ s 

00 f- 4 c4 
C3 CS ^ 
w »-t 

g 4 ^ 

QJ ^ 

o 


•73 

3 

2 

^ o 
v 

QJ O 

'^T3 

OP 3 

rli 

|g « 2 

la? Q Oh 


I ' >. CO 

o ^ d. 


^3 

CP 


o 

00 

P4 

»3 
3 

g " - 
r |■'3 

■'g-s'S 

^ 8 13 


a 


§ 'T' S 

S ^ o 


O .2 ^ ■ 

ui *42 2 


a 


§ B 

2 3 * V S o 3 3 ’ 

^ss 

CQ O O < 




.3 ® • 

3 CQ 

8&Ap 



573 


Vitamin B, I Yeast, liver, tiki tiki, rice Significance in human nutri- Undetermined Undetermined. 

(Pyridoxine) bran, wheat germ, kidney, tion not yet established (probably 1.5 mg.) 
and muscle Dermatitis in rats 
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Function of Thiamine. — Thiamine occurs in food and tissues in the 
free form and as thiamine pyrophosphate or cocarboxylase. In the 
latter form it functions in the Jliving cell as a coonzyme in carbohy- 
drate metabolism. In thiamine deficiency the utilization of carbohy- 
drates is incomplete and pyruvic acid accumulates in the tissues, a con- 
dition which is used to determine thiamine deficiency. It is essential 
for the maintenance of normal nerves, appetite and digestion, circu- 
lation, and normal growth. 

Clinical Manifestations of Vitamin B, Deficiency. — ^Vitamin B, 
deficiency affects predominantly the peripheral nervous system, the 
gastrointestinal tract, and the cardiovascular system. The symptoms 
usually are as follows: 

Mild 
Anorexia 
Fatigue 
Leg cramps 
Burning feet 
Plantar hyperesthenia 
Loss ankle jerk 

Vitamin Bj deficiency in an adult is usually characterized by an 
insidious onset and many of the mild symptoms listed above. Mani- 
festations of neuritis may appear associated with muscle weakness and 
tenderness, especially of the calf muscles. The above symptoms usually 
respond rapidly to treatment, and the pain frequently disappears in 
from two to throe days. Sensation and reflexes return to normal in a 
somewhat longer period. 

Hymptoms of beriberi may less frequently occur. Spies, Vilter, 
and Ashe believe a diagnosis of beriberi requires that the patient have 
evidence of peripheral neuritis, with or without edema, cardiovascular 
and gastrointestinal abnormalities, and a history of a diet deficient in 
B,. 

Beriberi is usually acute in the infant. There is often a history of a 
sudden onset with body rigidity. Loss of appetite, constipation, vomit- 
ing, general weakness, enlarged heart, edema, cyanosis, and a rapid 
irregular pulse arc common symptoms. Administration of vitamin B, 
produces a rapid and dramatic response. 

Therapeutic Uses. — Thiamine is indicated for the prevention and 
treatment of beriberi, and for the prevention and treatment of 
anorexia due to vitamin B, deficiency. 

Thiamine is probably of value in the treatment of alcoholic neuritis, 
the neuritis of pellagra, and the neuritis of pregnancy, although its 
deficiency is not the sole cause of these conditions. 

Thiamine is also indicated in certain conditions, e.g., vomiting of 
pregnancy, severe diarrhea, etc., which prevent proper assimilation of 
this vitamin. 

Treatment of Acute Defieiences , — Deficiencies respond rapidly to 
liberal amounts of thiamine. The diet should include large amounts 
of whole cereals and vegetables, and supplementary thiamine hydro- 
chloride should be given until the symptoms have disappeared. Paren- 
teral administration is indicated when absorption from the gut is im- 
paired. In severe cardiac failure, severe peripheral neuritis, or severe 
gastrointestinal disturbances, the parenteral route is usually the method 
of choice. Thiamine hydrochloride may be administered subcutaneously 
or intravenously, 10 to 50 mg. daily for a few days. Then 10 mg. 
given by injection twice a week may suffice, or 5 mg. by mouth daily. 


Moderate 
T-<oss knee jerk 
(yalf muscle atrophy 
Foot drop 


Severe 

('eniral neuritis 
Fdema 

Enlarged heart 
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Diagnosis of Deficiency. — J^iet history, clinical symptoms and signs, 
determination of urinary excretion, and therapeutic trial determine 
the diagnosis. 

Vitamin B, Requirements. — 

Protective: 1 to .‘J mg. 

Curative: 10 to .50 mg. daily 

Common Uiiits: One milligram of thiamine (B,) = approximately 

.133 international units (I.U.). The U.S.P. official method of assay 

of vitamin B^ preparations involves the use of rats reiulere<] poly- 
neuritic by a test diet. 

Sources of Vitamin B,. — Dietary: 

Brewer’s yeast 10.0 mg. per 100 Gm. 

Molasses 2.0 mg. per 100 Gm. 

Kidney beans 1.0 mg. per 100 Gm. 

Peanuts 0.5 mg. per 100 Gm. 

Liver 0.5 mg. per 100 Gm. 

Lean pork 0.3 mg. per 100 Gm. 

8i*p:cial SoracKS 

Thiamine Hydrochloride, Thiaminac llydrochforidum, U.S.P. Dosage: 
5 mg. (Ha g^’ain) (U.S.P.). 

Thiamine Hydrochloride Injection, Jnjectio Thiaminac Jlydrochloridi, 
U.S.P. Dosage: 10 mg. (JZ grain) thiainiiie hydrochloride 
(U.8.P.) 

Thiamine Hydrochloride Tablets, Tahellae Thiaminac Jlydrochloridi, 
U.S.P. Dosage: The usual sizes contain 3 mg., 5 mg., and 10 
mg. 

Hexavitamin Capsules, Capsulae Ilexanitaminarum, U.S.P. — Each cap- 
sule contains not less than 5,000 XT.8.P. units of vitamin A from 
natural (animal) sources, 400 U.S.P. units of vitamin I) from 
natural (animal) source.q or as activated ergosterol or activated 
7-dehydrocholesterol, 75 mg. ascorbic acid, 2 mg. thiamine hydro- 
chloride, 3 mg. riboflavin, and 20 mg. nicotinamide. Dosage: 
To be determined by the physician in accordance with the needs 
of the patient (U.S.P.). Eacli capsule supplies an approximately 
adequate daily allowance of the six vitamins for adult men. 
Hexavitamin Tablets, Tahellae JJexavitaminarum, U.S.P. Same 
strength as above capsules. 

Triasyn B Capsules, Capsulae Triasyni 7?, U.S.P. — Each capsule contains 
thiamine hydrochloride 2 mg., riboflavin 3 mg., and nicotinamide 
20 mg. Dosage: Each capsule supplies an approximately 
adequate daily allowance of the three vitamins for adult men. 
Triasyn B. Tablets, Tahellae Triasyni B, U.R.P. — Same strength as 
above capsules. 

Wheat Germ is a rich source of Vitamin B, and other B factors. 

Yeast contains vitamin B, and other vitamin B factors. 

The N.N.R. contains ampuls, tablets, and solutions of thiamine hydro- 
chloride. 

Riboflavin 

Riboflavin, formerly known as lactoflavin, vitamin B„ and vitamin G, 
has the empirical formula: The chemical nature of this 

substance was established in 1935. The following year the Council ac* 
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cepted it for standardization and experimental purposes. Sinee that 
time sufficient evidence has been accumulated to justify its acceptance 
in the U.S.P. Its structural formula is as follows; 


CH, • CHOH • CHOH * OHOH • CH,OH 


CNN 

/\/\/\ 

CH.C C G 0=0 

I II I I 

CH,C C C NH 

\/\/\/ 

C N C 

" H 


Riboflavin belongs to a group of yellow fluorescent pigments called 
flavins and is one of the heat*stable factors of the vitamin B complex. 
This factor is responsible for a part of the growth-promoting property 
of the B, complex, but it has no antidermatitia action. It appears as 
orange*yellow needles and is very soluble in water. It is not soluble in 
oil solvents, and is readily decomposed by light. 

Riboflavin is distributed throughout all the body tissues, the amount in 
the various organs remains remarkably constant irrespective of intake 
in the dietary. When in normal health, man excretes the vitamin in 
measurable quantity in the urine. In lactating animals, a relatively 
large amount of riboflavin (20 per cent of dietary intake) appears in 
the milk. There is considerable evidence for the synthesis of ribo- 
flavin in tlie int(\stinal tract and that some of this riboflavin can be 
utilized. 

Prevalence of Deflciency. — According to clinicians, riboflavin de- 
ficiency is one of the most prevalent avitaminoses. Riboflavin deficiency 
is likely to be associated with other vitamin deficiencies, especially 
with those of thiamine and niacin since tlieso water-sol ubb? vitamins 
often occur together in natural foodstuffs. 

Function of Riboflavin. — A deficiency of riboflavin results in re- 
tardation of growth; but it must be remembered that it is no more 
important in contributing to growth than many other essential sub- 
stances. Riboflavin also exerts important effects on the nervous sys- 
tem, the precise effects have not as yet been elucidated. This vitamin 
is important in the nutrition of the skin, being necessary in the nor- 
mal sensory acuity of the skin. Various lesions of the eye, such as 
cataract, corneal opacity, and ulcer, have been attributed to lack of 
riboflavin. 

Mode of Action. — Riboflavin acts as an enzyme in the oxidation 
processes of living cells, probably acting together with thiamine in 
the oxidation of pyruvic acid. 

Clinical Manifestations of Deficiency. — The prodromal symptoms of 
riboflavin deficiency have not been completely differentiated from those 
of beriberi, pellagra, and other deflciency diseases with which they are 
frequently associated. There are two types of lesions which so far have 
been identified quite satisfactorily with riboflavin deflciency. 

1. Skin Lesions , — A typical glossitis may be the initial sign of ribo- 
flavin deficiency. In contrast to the glossitis of pellagra, the tongue 
is clean, the papillae are flattened or mushroom-shaped rather than 
atrophic, and the color is definitely magenta. Later, the lips become 
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reddenedi then shiny and denuded, with maceration and Assuring at the 
angles of the mouth (cheilosis). Granulation tissue heaps up in the 
ulcerated areas and the edges are surrounded by yellowish crusts. 

Similar lesions may be found in the nasolabial folds, extending up 
into the nostrils. The above symptoms respond promptly to riboflavin 
therapy. 

2. Ocular Manifestations, — Persons with riboflavin deficiency ^ may 
have excessive lacrimation, photophobia, burning and blurring of vision. 
Other eye symptoms include congestion of the sclera, vascularization, 
opacities of the cornea, abnormal pigmentation of the iris, and inter- 
stitial keratitis. These symptoms, when due to riboflavin deficiency, are 
promptly relieved by riboflavin therapy. 

3. Nonspecific Manifestations, — Digestive disturbances, nervous de- 
pression, increased susceptibility to infection, diminished vitality, and 
early senescence. 

Therapeutic Uses. — The therapeutic dosage of riboflavin necessarily 
varies with the degree of deficiency. Most deficiencies respond favor- 
ably to the oral administration of 2 to 10 mg. daily in divided doses. 
In the presence of gastric achlorhydria, diarrhea, or severe hepatic 
disease, 10 to 15 mg. daily may be indicated. No untoward sjrmptoms 
have been observed following the use of relatively larger doses. 

Riboflavin is recognized as a specific in the treatment of certain 
characteristic lesions of the tongue, lips, and the face, which result from 
a deficiency of this vitamin. This deficiency responds to riboflavin 
given orally or intravenously in doses of 1 to 2 mg. three times a day. 
Treatment must be continued for many weeks since healing of the 
lesions is slow and relapses are frequent. 

The ocular manifestations of riboflavin deficiency are treated as 
indicated for the skin conditions. 

Riboflavin is also recommended in the treatment of pellagra. It is 
also indicated in conditions of retarded growth as being one of many 
important substances necessary for normal growth. During preg- 
nancy and lactation 5 mg. of riboflavin may be administered orally 
once daily. 

Recent studies in the Nutrition Clinic at the Hillman Hospital in 
Birmingham indicate that riboflavin is the most common deficiency 
which occurs in malnourished infants and children in that area. 
Riboflavin deficiency should be expected in all chronically mal- 
nourished persons. 

Diagnosis of Deficiency. — Diagnosis may be assisted by studying the 
diet of the patient. Symptoms and signs are also of great value. Slit 
lamp examination of the cornea is clinically of value. Apply therapeutic 
test. 

Riboflavin Bequirements. — Probable normal requirements are: chil- 
dren 1 mg. daily, adults 3 mg. daily. 

Common Unit: A U.S.P. Riboflavin Reference Standard is available. 
Preparations are standardized by a microbiologie assay employing 
Lactobacillus casei as the best organism. One milligram of riboflavin 
equals 400 Sherman units of vitamin G (Bj). 


Sources of Riboflavin. — 
Liver 
Teast 

Wheat germ 

Egg 

Green vegetables 
Beef 


1.0 mg. per 100 Gm. 
1.0 mg. per 100 Gm. 
0.2 mg. per 100 Gm. 
0.2 mg. per 100 Gm. 
0.1 mg. per 100 Gm. 
0.1 mg. per 100 Gm. 
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Special Sources 

Riboflavin, JBi&o/favirmm, U.S.P. Dosage: 5 mg. 

Riboflavin Injection, Injectio Bihoflavini, U.S.P. Dosage: 5 mg. ribo- 
flavin (U.S.P.) usually available in ampuls containing 0.2 mg. in 
1 cc., 1 mg. in 2 cc., and 5 mg. in 1 cc. 

Riboflavin Tablets, Tahellae Bihoflavini, U.S.P. The usual sizes contain 
1 mg. and 5 mg. 

Bihoflavin, N.N.R. 

Hexavitamin Capsules, Capsulae llexavitammarum, U.S.P. 

Hexavitamin Tablets, Tahellae Jlexavitaminarum, U.S.P. 

Triasyn B Capsules, Capsulae Triasyni B, U.S.P. 

Triasyn B Tablets, Tahellae Triasyni B, U.S.P. 

Niacin or Niacinamide 
(Nicotinic Acid or Nicotinic Acid Amide) 

Nicotinic acid, pyridine 3-carboxylic acid, C*H»0,N, occurs as white 
needledike crystals which are odorless and possess a slightly bitter taste. 
It is soluble in water (1:60). Nicotinic acid is one of the most 
thermostable members of the B complex, and it may be sterilized by 
heat. Since nicotinic acid is a very stable compound, there is little 
destruction during cooking and the loss is negligible unless the cooking 
water is discarded. It is not as inert in the bo<ly as are other vitamins, 
due to the rather marked pharmacological activity inherent in pyridine 
derivativ(»s as a whole. Nicotinic acid, although related chemically to 
nicotine, does not exhibit tlie action upon the autonomic nervous system 
characteristic of the latt(‘r substance and is relatively non toxic. Nico- 
tinic acid, its amide, and its sodium salt are equally effective in the 
treatment of pellagra. The structural formulas of nicotine, nicotinic 
acid, and the amide are as follows: 
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Niacin or Nicotinic Acid 

Niacin Amide or Nicotinic 


Acid Amide 


Nicotinic acid is readily absorbed from the gastrointestinal tract 
and following parenteral administration. Vilter, Spies and Mathews 
(1938) found nicotinic acid or related compounds to be absent from 
the urine of pellagrins but present in the urine of normal subjects. 

iFunctlon and Mode of Adtion. — ^Nicotinic acid in the form of the 
amide is essential in human nutrition as a constituent of a coenzyme 
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system necessary for normal cell metabolism. Nicotinic acid is ap- 
parently involved in sulfur metabolism, being essential in the synthesis 
of glutathione. Although the exact mechanism of its action is unknown, 
it undoubtedly bears a relation to the health of epithelial and nervous 
tissue. 

Clinical Manifestations of Deficiency. — Evidence is convincing that 
nicotinic acid deficiency leads to the clinical condition known as 
pellagra. It is not certain whether pellagra represents a single or 
multiple deficiency, but the onset of the important symptoms can be 
prevented by adding nicotinic acid to a pellagra-producing diet. 

Pellagra is a deficiency disease which affects primarily the skin, 
alimentary tract, and the nervous system. In the early stages of the 
disease pellagrins complain of headaches, nervousness, irritability, con- 
stipation, itching and burning of the skin, burning of the tongue, and 
repeated gastrointestinal upsets. 

The skin lesions are characterized by an erythematous cutaneous erup- 
tion resembling sunburn which first appears on the back of the hands, 
then eventually involves the forehead, neck, and feet. The cutaneous 
lesions, which are characteristically sjrmmetrical, may remain dry and 
eventually become scaly or pigmented, or bullae may form at the center 
and become infected, resulting in indolent ulcers. 

Stomatitis, enteritis, and diarrhea are characteristic gastrointestinal 
symptoms. Nausea and vomiting are also common. The symptoms 
referable to the nervous system consist of dizziness, insomnia, headache, 
depression and loss of memory. Peripheral motor and sensory nerve 
disturbances are common. 

Toxicology : Unfavorable symptoms may follow the administration 
of nicotinic acid. The most common are sensations of tingling and 
burning in the extremities, flushing of the face, and various skin erup- 
tions. Excitement and palpitation may occur. A dose of 100 mg. 
may give rise to the above-mentioned symptoms. The amide (nico- 
tinamide) has become the preferred form because it can be given in 
large amounts Avithout the tendency to produce peripheral vasodilatation. 

Therapeutic Uses. — Nicotinic acid (or amide) is recognized as a 
specific only in the treatment of pellagra. Pellagra should be suspected 
in malnourished patients presenting the classic symptoms. Whenever 
there is doubt regarding diagnosis, 100 mg. of nicotinic acid, given 
orally five times a day for several days, will serve as a therapeutic test. 

Nicotinic acid (or amide) is indicated in the prophylaxis and the 
treatment of pellagra. In acute exacerbations of the disease Spies and 
co-workers (19M8) recommend 50 mg. given ten times daily. If oral 
administration is contraindicated, intravenous injection of 20 mg. in 
2 cc. of physiological sodium chloride is given two or three times daily. 
For prophylactic treatment the dose can be determined only by trial. 
Spies and co-workers found that the required dose varied from 50 mg. 
daily to as high as 1,000 mg, daily. In the treatment and in prophylaxis 
it is recommended that thiamine chloride and riboflavin be administered 
with the nicotinic acid (or amide). A good diet containing natural 
sources of the vitamins of the B complex is also indicated. Side re- 
actions following nicotinic acid therapy are usually few and compara- 
tively mild. Reactions may usually be minimized by more frequent 
dosage or by the employment of the amide. 

Dosage: Experience has demonstrated that the daily oral administra- 
tion of 500 mg, of niacin or niacinamide in 10 doses of 50 mg. each is 
safe and effective in pellagra. The parenteral dose may vary from 
40 to 80 mg,, dissolved in sterile physiological saline and given by vein 
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in. divided doses. If pure compounds arc not available^ powdered 
brewer’s yeast, 30 to 200 Gm. daily, may be substituted. 

Diagnosis of Deficiency. — I^iet history and early symptoms and 
signs are useful in diagnosis of nicotinic acid deficiency. The therapeutic 
trial is very useful and easy to apply. No satisfactory laboratory tests 
are yet available. 

Nicotinic Acid (or Amide) Requirements.— 

Prophylactic: 20 mg. daily 

Protective: 50 mg. daily 

Curative: 150-500 daily 

Common Unit : The milligram unit. 

Sources of Nicotinic Acid. — Dietary: Rich sources are yeast, liver, 
and milk. Good sources are wheat germ, meat, fish, egg yolk, kale, 
peas, tomatoes, turnips, 'and peanuts. Corn, soy beans, and molasses 
are practically devoid of this vitamin. 


Special Sources 

Nicotinic Acid, Acidum Nicotinicum (Niacin), U.S.P. Dosage: 25 
mg. (% grain). New and Nonofficial Remedies gives dosage for 
therapeutic purposes as 0.5 Gm. (8 grains) in ten doses of 50 
mg. (% grain) each. 

Nicotinic Acid Tablets, Tahcllac Acidi Nicotinici, U.S.P. (Niacin Tab- 
lets). The usual sizes contain 25 mg., 50 mg. and 100 mg. 

Nicotinamide, Nicotinamidum, U.S.P. Dosage: 25 mg. (% grain). 

Nicotinamide Injection, Injectio N icotinamidiy U.S.P. Dosage: Paren- 
teral, 100 mg. nicotinamide. Usually available in ampuls con- 
taining either 50 or 100 mg. per cubic centimeter. The official 
dose provides about five times the recommended daily allow- 
ance for adult men. 

Nicotinamide Tablets, Tahetlae N icotinamide, U.S.P. Usual sizes con- 
tain 25 mg. an(l 50 mg. 

Rice Polishings, Perpolitioncs OryzaCy U.S.P. (Rice Bran, Tikitiki). 

Rice Polishing Extract, Extractiim PerpoUtionum Oryzde, U.S.P. 
Dosage: 8 cc. (2 fluidrachms). 

Hexavitamin Capsules, Capsulae Hexavitaminarum, U.S.P. 

Uexavitamin Tablets, Tahellae J{exavitaminaru7n, U.S.P. 

Triasyn B Capsules, Capsulae Tnasyni, U.S.P. 

Triasyn B Tablets, TaheUae Triasyni, U.S.P. 


Pyridoxine (Vitamin B.) 

Pyridoxine (CsHnNO,), another component of the vitamin B complex, 
is known to be essential in animal nutrition. It occurs in relatively large 
amounts in yeast, liver, tikitiki, rice bran, and wheat germ. Kidney 
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and muscle are very rich sources. It has been available in crystalline 
form for experimental use since the spring of 1939. Its structural 
formula indicates the relation to nicotinic acid (pyridine derivative). 

In 1944 it was shown by Snell and associates that two derivatives 
of pyridoxine, namely, pyridoxal and pyridoxamine, were more active 
than the original compound. All three compounds occur in natural 
materials, although many tissues, particularly animal tissues, and yeast 
contain predominately pyridoxal and pyridoxamine. 

Birch (1938) presented evidence to show that pyridoxine may function 
in some way in the utilization of unsaturated fatty acids. In addition 
to skin lesions, which characterize the deficiency in rats, a lack of 
pyridoxine in dogs and swine produces a microcytic hypochromic anemia 
which responds to pyridoxine therapy. Pyridoxine is probably also 
important in fundamental oxidation processes. 

No clear-cut symptoms resulting from pyridoxine deficiency have 
been described in human beings. Nervousness, insomnia, and ataxia 
are usually present. Spies (1939) reported an additional improve- 
ment in pellagrins with pyridoxine therapy after treatment with 
nicotinic acid, thiamine, and riboflavin. Smith and Martin (1940) 
observed a rapid healing of typical lesions of cheilitis with vitamin 
Bfl therapy. 

The administration of pyridoxine is reported to be useful in idio- 
pathic parkinsonism and muscular dystrophies. It has also been claimed 
to be useful in the alleviation of vomiting in pregnancy and in roentgen 
sickness. 

The optimum dose of vitamin in the treatment of various con- 
ditions has not been established. The single doses described in current 
reports have ranged from 10 to 100 mg. given either orally or par- 
enterally. Acute or chronic toxicity studies on animals have shown 
pyridoxine to be a substance of low toxicity, similar in this respect to 
the other members of the B complex. 

Pyridoxine Requirements: Human requirement is unknown, but 
animal experiments indicate that vitamin requirement may be 
about the same as thiamine — about 1.5 mg. a day. 

The most reliable method of determining the B„ content of foods 
is probably the rat assay method (Conger and Elvehjem, 1941). 

Pantothenic Acid (Filtrate Factor) 

Pantothenic acid (G^H^NOs), one of the members of vitamin B com- 
plex isolated from the so-called “filtrate factors, “ has not as yet been 
associated with a specific syndrome in human beings. It is found in 
relatively large amounts in yeast, liver, wheat germ, rice bran, egg yolk, 
and wheat bran. Pantothenic acid was isolated in 1938 ana synthesized 
in 1940. Its structural formula is 

H CH, OH O H H H 
HO — d — i — i — c — i 

Pantothenic Acid 

Pantothenic acid is fairly stable when subjected to moist heat, 
especially at a neutral pH, but is destroyed by prolonged dry heat. 
It is widely distributed in nature, and recent work has shown that 
much of the vitamin may be present in bound forms. 
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Lipman and his co-workers (1947) have shown that pantothenic 
acid is related to enzymatic acetylation. If pantothenic acid is 
related to all biologic acetylations, it has a very important function. 

The various observations indicate that pantothenic acid is essential to 
human nutrition and that its function is probably associated with that 
of riboflavin. As much as 100 mg. of calcium or sodium pantothenate 
has been administered intravenously in human beings without pro- 
ducing any significant changes in blood pressure or respiration. Panto- 
thenic acid deficiency in chicks produces a characteristic type of 
dermatitis. Deficiency of this factor has also been associated with 
adrenal hemorrhage, atrophy and necrosis in rats, and also with a 
nutritional achromatrichia in rats. 

No specific symptoms in human beings have been correlated with 
a deficiency of this vitamin. This may be due to the fact that panto- 
thenic acid is widely distributed and that even restricted diets may 
not be low enough to cause a serious deficiency. The daily require- 
ment is probably about 10 mg. The suggested dose is 10 to 50 mg. 
orally of calcium pantothenate. 


Choline 

Choline is a colorless viscous fluid, and the more familiar choline 
chloride is a hygroscopic white crystalline substance. Choline is now 
considered an important member of the B complex. It functions in 
some way to aid in the mobilization of fatty acids in the body since 
in its absence liver fat rapidly accumulates. McHenry (1941) states 
that there is evidence now that choline may function in at least three 
ways: (1) to stimulate the formation of phospholipids, (2) to make 
possible the production of acetylcholine, and (3) to supply labile 
methyl groups. 

By far the best dietary source of choline is egg yolk, while soy 
bean meal, liver, dried yeast, pancreas, brain, and kidney are good 
sources. Most edible fats are low in choline. Most diets contain 
sufficient choline to meet ordinary needs. However, there is evidence 
that some types of clinical cirrhosis are favorably affected by dietary 
treatment including choline and other vitamins, together with a 
high protein diet. 

The choline requirement is difficult to establish. From animal ex- 
periments one might suggest that the human requirement would be 
less than 500 mg. per day. It has been estimated that the choline 
intake from an average diet may range from 250 to 600 mg. (Klvehjem, 
1948). 

Biotin (Vitamin H) 

Although biotin has been recognized as necessary for the growth 
of bacteria for some time, its significance in animal nutrition is just 
in the process of being elucidated. Biotin was first isolated by Kogel 
and Tonnis (1936), and its empirical formula CioHnOaNaS has been 
found by Vigneaud (1942) to consist of a cyclic derivative of urea. 

Biotin is widely distributed in foods of both plant and animal origin, 
including seeds and nuts. Richest sources are liver, kidney, and eggs. 
Milk contains an appreciable amount. It is a very stable compound, 
resisting autoclaving with strong mineral acids. The pure biotin, how- 
ever, shows appreciable lability to alkali. 

Of interest is the ‘‘egg white injury’^ which has been demonstrated 
in animals and is due to the unavailability of biotin in the presence of 
egg albumin by virtue of being tied up with avidin, in which complex 
biotin cannot be absorbed from the intestine and is excreted in the 
feces. 
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Recent work has established a fairly definite role for biotin in 
metabolism. It apparently functions in carboxylation of pyruvate to 
yield oxalacetate. Shive and his co-workers (1947) and Lardy and his 
associates (1947) have shown that either oxalacetate or aspartate can 
partially replace biotin in the nutrition of Lactobacillus arabinosus. 

' While rather definite requirements can be established for chickens, 
it is difficult to establish the requirements for man since a large part 
may be supplied by the intestinal flora. Sydenstricker and his co- 
workers (1942) reported that dermatitis and changes in the color of 
skin which responded to biotin were produced in human subjects by 
feeding diets with high levels of egg white. 

Much fundamental work must be done before the clinical significance 
of biotin can be established. At least, it is evident now that there 
probably is sufficient biotin present in the average <liet of human 
beings. 

Inositol 


Inositol (C«H,jOfl) is a crystalline substance, the formula of which is 
isomeric with d-glucose. Its structure shows it to be a hexahydroxy- 
cyclohexane. 
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Ino.sitol is an extremely stable compound. It is found in all living 
tissues. Good sources are cereal grains, green leaves, and citrus fruits. 
Lack of it in small animals results in severe loss of hair followed by 
derniatitis. Little is known regarding the role of inositol in human 
nutrition. Perhaps the most interesting development is the report of 
Milhorat and Rartels (1945) that inositol may improve the action of 
tocopherol in the treatment of muscular dystrophy. 


Para-Aminobenzoic Acid 

Another factor first identified with its effect on bacterial growth 
and which now shows indication of a vitamin-like action in animals 
is para-amino-benzoic acid. Ansbacher (1941) has produced graying of 
the fur of rats on a ration which could be cured by the administration 
of this vitamin. A growth response in chicks has also been obtained by 
the addition of para-aminobenzoic acid to the diet. The relation of 
para-aminobenzoic acid to the mode of action of the sulfonamide drugs 
is discussed in the chapter on the Sulfonamide Drugs. 

Interesting observations on the chemotherapeutic effects of para- 
aminobenzoic acid on the effect of typhoid (Yeomans et al., 1944) and 
against Rocky Mountain spotted fever (Fliim et al., 1946) have been 
reported. 
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Vitamins vs. Hair Color. — There eeems to be some support for the 
belief that there is some relationship between the intake of vitamins 
and the graying of hair. Just what that relationship is we do not know. 
However, of all the factors that have been reported thus far (calcium 
pantothenate, para-aminobenzoic acid, biotin, inositol) calcium panto* 
thenate seems to oifcr more promise than any of the others. The pos- 
sible role of para-aminobenzoic acid in the treatment of gray hair in 
human beings has been studied by Brandaleoiie and his associates 
(1943). They reported that in a group of nineteen elderly persons 
with gray hair only two showed significant color change during a period 
of intensive vitamin study. We shall all watch with a good deal of 
interest the subsequent reports on this subject. 


Folic Acid 

Chemically, folic acid is pteroyl glutamic acid, a yellow compound 
sparingly soluble in water with the following structural formula: 
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Tliree groups are present in the above molecule: the pteridine part, 
para-aminobenzoic acid, and glutamic acid. 

Folic acid is widely distributed in nature both in free form and in 
compounds with added glutamic acid such as pteroyl triglutamic acid 
and pteroyl hcptaglutamate. 

At present it is established that .synthetic glutamic acid is required 
for growth and blood formation in chicks, monkeys, and fox and mink. 
Rats do not require folic acid in the diet until the synthesis of this 
compound by intestinal bacteria is reduced through the use of sulfon- 
amide drugs. The human being apparently is satisfied by intestinal 
production- except under disturbed conditions. 

In human beings the beneficial affect of synthetic folic acid in various 
types of macrocytic anemia in relapse has been demonstrated. Darby 
(1947) has described the beneficial effects of pteroyl glutamic acid on 
the gastrointestinal manifestations of sprue and related syndromes. 

The folic acid requirements of human beings is difficult to estimate. 
Clinical responses have been obtained with 2 to 10 mg. On the basis 
of animal requirements, a figure of 0.1 to 0.2 mg. per day may be sug- 
gested (Elvehjem, 1948). 


Additional Factors 

The existence of several additional factors in the vitamin B com- 
plex is evident from various animal studies. Although space will not 
permit discussion of these important substances, brief mention will 
be made of vitamin B,g. This substance has been isolated from liver 
as a crystalline compound. It is highly active in patients with Addi- 
sonian pernicious anemia (West, 1948), This compound is also active 
for the growth of Lactohacillus lactis (Short, 1948). 

Ascorbic Acid (Vitamin 0) 

Scurvy, a deficiency disease known since the time men first began to 
sail ships, was first accurately described in literature by James Lind, 
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a practitioner of Edinburgh, in 1763. It was largely through the in- 
fluence of this man that scurvy was eliminated from the British Navy 
by supplying the sailors with a daily ration of lemon and lime juice. 
To Holst and Prohlich (1907) belongs the credit for producing scurvy 
experimentally in guinea pigs upon which is based the bio-assay of the 
antiscorbutic vitamin. To the combined efforts of many^ investigators 
we owe our knowledge of many of the properties of this vitamin. 

Ascorbic acid was isolated by Szent-Gyorgyi in 1928 from oranges, 
lemons and from the suprarenal cortex. About the same time King and 
Waugh isolated crystals of ascorbic acid from concentrates of lemon 
juice. It was later synthesized by Hirst and associates who gave it the 
following formula: 

cCT" 
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CHjOH 

Ascorbic Acid (CeHsOa) 

(Vitamin C) 

Ascorbic acid is soluble in water and alcohol and is readily destroyed 
by heat and oxidative processes. Prolonged boiling, drying, aging, or 
storage reduces its antiscorbutic properties. 

Ascorbic acid is readily absorbed from the normal intestinal tract. It 
is distributed to all body tissues, the highest concentrations being found 
in muscle and stored fat. After absorption, the ascorbic acid content 
of the blood rises. A blood level of vitamin C of from 1.0 to 2.0 mg. 
per cent is completely saturated, levels of 0.5 rag, are considered a low 
normal, and blood values below 0.15 mg. are invariably associated with 
clinical scurvy. Ascorbic acid is partially destroyed and partially 
excreted in the urine and sweat. There is a renal threshold for vitamin 
G which is approximately 1.4 mg. per cent. When the body is saturated 
the blood and urine contain about the same concentration of vitamin. 
If more vitamin C is administered, most of it escapes into the urine. 

Function and Mode of Action. — ^Ascorbic acid produces the follow- 
ing effects: (1) it functions in intracellular oxidation-reduction 
processes, i.e., serving as a hydrogen transport agent (King, 1936); 

(2) it aids in the formation of colloidal supporting structure (collagen) 
of the bones, muscle, teeth, blood vessels, red blood corpuscles, etc.; 

(3) it improves appetite and stimulates growth; (4) it is essential to 
normal tissue metabolism and tissue respiration; (5) it apparently ex- 
hibits a speciflc and essential effect on glandular functions and acts 
protectively on the vascular system, and (6) it is apparently involved 
in the defensive mechanisms of the body against bacterial toxins and 
perhaps other poisons. 

Fanner, Abt, and associates (1941) found ascorbic acid a preventive 
of cutaneous reactions caused by neoarsphenamine. They postulate that 
if the ascorbic acid in the circulatory blood is maintained at a suf- 
ficiently high level in hypersensitive patients, toxic cutaneous reactions 
may be inhibited. 
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Clinical and experimental evidence suggests that vitamin C plays an 
important role in wound healing and tissue repair. Lack of vitamin C 
prevents fibroblasts from forming collagenous connective tissue, causes 
weakness in the capillaries and bones, tends to cease growing due to the 
inability of osteoblasts to form normal tissue. 

Occurrence of Vitamin C Deflciency.—Sevore vitamin C deficiency, 
fortunately, is uncommon in the United States. The general use of 
antiscorbutic foods has been largely responsible for the prevention of 
advanced stages of this disease. 

On the other hand, subclinical avitaminosis C is fairly prevalent to- 
day. Loss of vitamin C by cooking, restricted diets, and abnormalities 
of absorption, all contribute to this deficiency. 

Clinical Manifestations of Vitamin 0 Deficiency. — 

1. Scurvy , — Scurvy is characterized by degenerative changes in the 
connective tissues, increased capillary permeability, and hemorrhages 
in various tissues, i.e., mucous membranes of the mouth, gastroin- 
testinal tract, skin, subcutaneous tissues, muscles, subperiosteal tissues 
and other parts of the body. A characteristic clinical sign is the 
position assumed by the infant in bed, i.e., fiexion, wide abduction, 
and external rotation of legs; extreme pain caused by subperiosteal 
hemorrhages may account for this position. The gums are swollen 
and red and may almost cover the teeth. Bleeding gums and extravasa- 
tion into the mucous membranes are common. In adults petechial hemor- 
rhages into the skin are frequently observed. Brownish tender swellings 
may appear due to bleeding into the muscles. 

SuhcUnical scurvy: This condition may be diflficult to diagnose. 
Probably the most frequent clinical sign of vitamin C deficiency is 
gingivitis. Other nonspecific signs are vague pains in the extremities, 
slight pallor or anemia, weakness, malaria, anorexia and lack of growth 
and loss of w^eight. 

2. Anemia , — It has been reported that deficiency of vitamin C often 
leads to anemia of a normocytic or slightly macrocytic type, which, 
when uncomplicated, responds to vitamin C therapy, but not to liver or 
iron. 

3. Dental Disorders , — Many investigators have described histological 
changes which occur in oral structures accompanying vitamin C de- 
ficiency in animals. 

Therapeutic Uses. — Ascorbic acid is specific for the prophylaxis and 
treatment of scurvy. This effect has been estiablished experimentally 
and by clinical investigation. Ascorbic acid is of therapeutic value in 
early or latent scurvy. The diagno-sis rests on the basis of x-ray evi- 
dence in the long bones, the blood level, and possibly failure to excrete 
an optimum amount of ascorbic acid in the urine. Recommended dosage 
varies from 100 to 250 mg. two or three times daily by mouth, taken 
preferably before meals or with meals. Since ascorbic acid is water 
soluble it may be administered subcutaneously, intramuscularly, or by 
vein. Relatively smaller doses are indicated than when used orally. 

Vitamin C is of therapeutic value in the treatment of dental caries, 
pyorrhea, anorexia, and undernutrition when they are the result of a 
deficiency of this vitamin. Certain hemorrhagic conditions and some 
types of anemia respond to vitamin C therapy. Much evidence has been 
found for regarding vitamin C as a helpful therapeutic measure in 
various infections, such as diphtheria, arthritis, osteomyelitis, pertussis, 
and other acute and chronic infections. Despite the vast array of 
clinical evidence regarding the therapeutic value of vitamin C, there is 
no absolutely conclusive evidence that ascorbic acid is of value except 
in the relief of scurvy symptoms. 
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Much has been written concerning the importance of vitamin C in 
wound healing. Experimental evidence indicates that ascorbic acid is 
necessary for the formation of collagen fibers and intercellular cement 
substance. Patients on inadequate diets, as well as those with lesions 
of the gastrointestinal tract, who are unable to ingest or assimilate 
foodi frequently have low ascorbic acid blood levels. These patients 
should receive the juice of four oranges and two lemons, or 100 mg. of 
ascorbic acid, daily. 

Administration of Ascorbic Acid. — ^In planning diets for infants 
who do not receive breast milk, and for small children, it is advisable 
to administer ascorbic acid or orange juice, because fresh cow’s milk 
has only one>fourth of the concentration found in mother’s milk, and the 
vitamin in most foods is very sensitive to destruction by oxidation. 

If the dietary history discloses a slight lack of vitamin C, dietary 
adjustment alone may easily rectify the situation. Proper selection 
of fruits and vegetables can usually increase the intake three or four 
times. If food fads or other things interfere with the needs or interfere 
with the use of this vitamin, administer 25, 50, or 100 mg. several times 
daily. It is rarely necessary to administer it parenterally. Like other 
water-soluble vitamins it is easily destroyed in the gut if the gastric 
acidity is low. It is rapidly excreted in the urine, sweat, and diarrheal 
feces; in such cases administer five to ton times the normal requirement. 
Attention must be given to the possibility of the washing out of water- 
soluble vitamins in parenteral fluid therapy. Incorporation of thiamine 
in the injection mixture is advised. 

International Unit of vitamin C represents the vitamin C activity of 
0.05 mg. of the international standard crystalline 1-ascorbic acid. 

A Sherman unit of vitamin C is the daily minimum preventive dose 
of vitamin C which will prevent a 300 Gm. guinea pig from developing 
scurvy during a ninety-day period. 

Diagnosis of C Eypovitaminosis, — Frank scurvy may be diagnosed 
on the basis of the history, physical signs, and roentgenologic evidences 
in the long bones. Mild states of deficiency are frequently diflScult to 
diagnose. The most widely used tests include the urinary excretion of 
vitamin C, the blood plasma test, and the capillary fragility test. The 
limits of accuracy of these tests as specific indices of vitamin C nutrition 
are not yet defined. Estimations on the blood (method of Farmer and 
Abt, 1936) are probably the more dependable for clinical purposes. 
Some prefer the determination of the saturation index for estimating 
the efficiency of vitamin C intake and therapy. Diet history, as well 
as therapeutic trial, may be employed to assist in making the diagnosis. 

Vitamin 0 Requirements. — 

The Food and Nutrition Board of the National Research Council 
has recommended the following tentative daily allowances : 


For infants (under 1 year) 

For children (1 to 20 years) 

Man 

Woman (pregnancy and lactation) 
Aged 


30 mg. 

35 to 100 mg. 

75 mg. 

100 to 150 mg. 
150 mg. or more 


Common Units: One milligram = 20 international units = 2 Sher- 
man units. The U.S.P. Unit of vitamin C is equivalent to the Inter- 
national Unit and represents the activity of 0.05 mg. of U.S.P. Ascorbic 
Acid Reference Standard. 
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Preparations are assayed chemically by determining the reducing 
ability of ascorbic acids. A biologic assay is available based either 
on prevention or on the cure of ^;curvy in the guinea pig. 

Sources of Vitamin 0. — Dietary: The best natural sources of vitamin 
C are oranges, lemons, limes, tomatoes, grapefruit, raw cabbage, turnips, 
and peppers. The citrus fruits and tomatoes continue to be our chief 
supply. The content of milk is variable (Bessey, 1938). 


Source 
Peppers 
Lemon Juice 
Spinach 
Orange Juice 
Cabbage 
Tomatoes 


Ascorbic Acid 
200 mg. per 100 Gm. 
60 mg. per 100 Gm. 
60 mg. per 100 Gm. 
50 mg. per 100 Gm. 
40 mg. per 100 Gm. 
30 mg. per 100 Gin. 


Special Sources 


Ascorbic Acid, Acidum Ascorbicum, XJ.S.P., B.P. Dosage: 50 mg. 
(% grain). 

A.scorbic Acid Tablets, Tabellae Acidi Ascorbici, U.S.P. The usual sizes 
contain 25 mg., 50 mg., and 100 mg. 

Sodium Ascorbate Injection, Injcctio Sodii Ascorbatis, U.S.P. Sterile 
solution of so(lium ascorbate in water for injection. Dosage: 
0.1 Gm. ascorbic acid (U.S.P.) in ampules containing amounts 
of sodium salt equivalent to amounts of ascorbic acid as 0.1 Gm. 
or 0.5 Grn. in 2 cc., 0.5 Gm. or 1 Gm. in 5 cc., and 0.5 Gm. in 
10 cc. 

Cltrin (Vitamin P) 

A substance distinct from vitamin C has been reported as existing in 
paprika and lemon rind by Rusznyak and Szent-Gyorgyi (1936). It 
consists of two flavone components, hesperidin and demethylated 
hesperidin, or eriodictin, and has been called ‘‘citrin.*^ Citrin is re- 
sponsible for capillary fragility and some of the symptoms previously 
associated with scurvy. However, there apparently exists a distinction 
between the spontaneous hemorrhages of vitamin P deficiency and those 
associated with low intake of ascorbic acid. 


Butin 

Recently, a flavine glucoside, rutin, has been obtained from buck- 
wheat. It is chemically related to hesperidin, a component of vitamin 
P. It appears sometimes to decrease capillary fragility. Tlie struc- 
tural formula is as follows: 
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It is of low toxicity. It is available in the form of small pellets to 
be taken by mouth, the average dosage being grain (20 mg.) three 
or four times daily. Madison and Pohle (1947) reported that reversion 
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of erythropermeability liad been effected on a high percentage of tiie 
cases reported. The therapeutic value of rutin has yet to be demon- 
strated. 

PAT-SOLUBLB VITAMINS 

Since vitamins A, D, E, and K are soluble in fats and cils but not in 
water, they are found only in foods which contain fat or oil. 


Vitamin A and Carotene 

In 1913, McCollum and Davis, and Osborne and Mendel separately 
reported observations that certain fats were necessary for normal 
growth, and the term Fat-Soluble A** was later given to this es- 
sential factor. Since these early experiments, considerable research 
has been done on vitamin A, with far-reaching results. 

The term vitamin A'* has been applied to any one of several sub- 
stances or to a mixture of them, producing a certain physiologic ef- 
fect. It has been well established that at least five substances — 
vitamin A itself, alpha, beta and gamma carotene and cryptoxanthin — 
can produce to some degree this characteristic response in the animal 
body. The last four of these are produced in the plant kingdom, and 
upon ingestion by most animals are transformed into vitamin A. 
In the body beta carotene breaks down to two molecules of vitamin 
A. Vitamin A has the following structural formula: 
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CH,OII 


Both vitamin A and carotene are extremely sensitive to destruction 
by oxidation, but in foods are protected by anti -oxidants, hence losses in 
cooking are not usually great. 

Metabolism . — Metabolism of Carotene . — Carotene is poorly absorbed 
from raw vegetables but is readily absorbed from solutions in digestible 
oils. Mineral oil dissolves carotene and hinders the absorption of 
carotene by the gastrointestinal tract. 

Carotene is stored in the body fat and in the liver. In the average 
person about 10 to 20 per cent of the total vitamin A is present as the 
provitamin carotene. After excessive ingestion of vegetables, some 
persons store large amounts of carotene in the skin, resulting in a deep 
yellow color which may be mistaken for jaundice, but has no harmful 
effect. 

Metabolism of Vitamin A. — Vitamin A occurs in foods and liver 
oils usually combined as an ester with high fatty acids. The ester is 
saponified before absorption from the intestine. In the absence of 
pancreatic lipase, i.e., cystic fibrosis of the pancreas, obstruction of 
pancreatic ducts, little absorption of vitamin occurs. Bile salts are 
also necessary for the absorption of this vitamin. Defective motility of 
the jejunum which occurs in vitamin B complex deficiencies, celiac disease 
and sprue, and giardiasis, interferes with vitamin A absorption. 
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After drug absorption vitamin A is re-esterified, passes into the portal 
vein and thoracic duct, and is stored primarily in the liver. The ability 
of the liver to store vitamin A is decreased in chronic nephritis and liver 
cirrhosis. Fever hinders absorption of vitamin A and increases its 
disappearance from the tissues. 

Carotene and vitamin A are normally present in the blood. Concentra- 
tion of 60 I.U. per 100 cc. in children and 100 I.U. in adults excludes 
the diagnosis of vitamin A deficiency. Persistent low values in the 
absence of fever strongly suggest deficiency. 

Following excessive doses of this vitamin some may escape in the 
feces, considerable is eliminated in the milk, and some is lost by destruc- 
tion. The concentration of vitamin A in milk is proportional to the 
dietary intake only when the latter is low and reserve in the liver is de- 
pleted. When the intake is reduced, the liver stores are utilized before 
level in the milk is reduced. 

Function and Mode of Action. — Vitamin A is seemingly necessary 
for the proper functioning and structural integrity of the epithelial cells 
throughout the body. In the absence of vitamin A, epithelial cells 
atrophy, followed by reparative proliferation on the part of the basal 
cells, producing a stratified, keratinizing type of epithelium. Since 
vitamin A enhances the integrity of mucous membranes and epithelial 
structures, it tends to act as a first line of defense against bacterial in- 
vasion of these structures. 

A deficiency of vitamin A results in a retardation of growth when 
body stores of the vitamin are depleted, but bear in mind it assures 
optimal growth only when all essential nutrients are provided. 

Vitamin A is specific for night-blindness or nyctalopia when this con- 
dition is due to a deficiency of this vitamin. Cases of nyctalopia, how- 
ever, due to congenital defects or other diseases than lack of vitamin 
A will not respond to vitamin A therapy. The following scheme of 
Wald (1934) is now generally accepted as representing the basic 
physiological chemistry of dark adaptation, and from it one can readily 
see the role of vitamin A in the regeneration of visual purple. A de- 
pletion of vitamin A retards resynthesis and reduces the available 
amount of rhodopsin, consequently interfering with visual adaptation. 

Light 

I 

Visual Purple 
(Khodopsin) 
t ^ 

Vitamin A + Protein Retincne + Protein 

i 

Nerve Impulse 

Clinical Manifestations of Vitamin A Deficiency. — 

1, Eye Lesions: Nyctalopia, or ni^ht "blindness, is an early symp- 
tom of, and constant finding in, vitamin A deficiency. The patient has 
normal vision in the daytime, but in dim light vision is poor due to fail- 
ure of the visual mechanism. Vitamin A is a precursor of the visual 
purple of the retina and in case of deficiency there is a retardation 
in synthesis of rhodopsin which consequently interferes with visual 
adaptation. The development of the photometer has made it possible 
to detect mild grades of vitamin A deficiency in many adults and school 
children. 

Xerophthalmia is another symptom of vitamin A deficiency. This 
condition, which occurs late in the course of deficiency, is characterized by 
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keratinization of the cells of the cornea and other structures of the eye. 
Xeros, means dry, and ophthalmos, means eye. The name signifies ‘ Mry 
eyes.’’ The conjunctiva appears thickened and the lacrimal glands fail 
to secrete. This condition is due to keratinization of the epithelium of 
the glands. In inflammation, processes tend to involve the anterior and 
posterior chambers of the eye, leading to blindness. 

Keratomalacia results from prolonged and severe vitamin A de- 
ficiency, the xerophthalmia progressing to a severe degeneration of the 
cornea, followed by perforation. In most cases permanent blindness 
is the end result. 

2. Slcin diseases may develop in children due to lack of this vitamin; 
they are characterized by a dry, scaly skin, by rashes, and by a lowered 
resistance to skin infections. In adults one of the earliest symptoms is 
a skin disease known as phrynoderma ^‘toad skin.” The sebaceous 
glands and sweat glands seem to be altered in this condition, with conse- 
quent hyposecretion. 

3. Susoeptihility to Infections . — It is difficult to say whether an ex- 

cess of vitamin A raises the resistance of an individual or whether it 
exerts a curative effect in respect to infective processes. Some authors 
(Mellanby and Green, 1929) speak of this vitamin as the antiinfective 
vitamin, but there is no definite evidence that vitamin A exerts a specific 
antiinfective function. Mendel states his views as follows: . . to 

stress the indefinite function of the vitamin in preserving ‘health and 
vigor’ rather than to herald any specific action against definite micro- 
biotic enemies.” 

4. The central nervous system becomes involved in the presence of 
avitaminosis A. Mental changes, lack of coordination of movements, 
weakness of the extremities, and even convulsions have been demon- 
strated experimentally. Nerve degeneration commences early and pro- 
gresses simultaneously with other changes. Mellanby (1934) observed 
degenerative changes in the trigeminal nerves of dogs receiving a diet 
deficient in vitamin A. There is some evidence that lack of this vitamin 
may lead to optic neuritis in man. Pathological changes also occur 
in the alimentary tract. The cells of the salivary glands do not function 
normally, the mucous secretory glands of the intestine become atrophied, 
and the tips of the villi necrotic. A deficiency of vitamin A may tend 
to the production of urinary calculi. Injury to the female reproductive 
tract, due to abnormal epithelial growths, may be sufficient to prevent 
fertilization and implantation of the ovum. 

Therapeutic Uses. — Vitamin A is definitely indicated in the treatment 
of vitamin A deficiency. It is useful in prophylactic treatment during 
periods of high requirements, such as infancy, pregnancy, and lactation. 
Once a deficiency is diagnosed 30,000 to 50,000 units of vitamin A are 
indicated until the desired response is obtained. Vitamin A is reported 
to be effective in the treatment of certain types of h 3 rperkeratosis of the 
skin of persons suffering from avitaminosis A. 

Metabolic Disturbances. — Vitamin A frequently is of benefit in 
metabolic disturbances. It is especially of benefit in diseases when there 
is faulty absorption, such as in chronic ulcerative colitis, celiac diseases, 
and diseases of the biliary tract and pancreas. Here massive doses 
(100,000 to 200,000 units daily) are indicated. 

Diseases op the Eye. — In ophthalmologic practice, vitamin A has 
been suggested for many conditions; the association of xerophthalmia 
and night blindness with vitamin A deficiency has made ophthalmologists 
very conscious of the existence of vitamin A. In xerophthalmia admin 
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ister large doses systemically together with local application of vitamins 
either as cod liver oil or in an ointment. When night blindness is sus- 
pected and there is no organic eye disease to account for it, vitamin A 
deficiency is the most likely 'diagnosis. Administer large doses of 
vitamin A (25,000 to 50,000 units daily). Treatment may require 
several days or several months, depending on the degree of vitamin de- 
pletion. 

Diseases op the Skin.— Large doses of vitamin A (100,000 to 
300,000 units) are indicated for the treatment of phrynoderma. The 
local use of this vitamin has been reported to accelerate epithelialization 
in burns and chronic ulcers. 

Avitaminosis A is generally considered rare in this country. There 
are, however, many manifestations of the existence of the milder forms 
of the disease. The earliest and most reliable evidence of slight vitamin 
A deficiency is mild hemeralopia or a slightly lowered dark adaptation. A 
second reliable test consists of making a smear from the light scrapings 
of the bulbar conjunctiva. When properly stained, the evidence of 
cornified epithelium indicates a deficiency of vitamin A. In all cases 
of vitamin A deficiency confirmation of the diagnosis may be obtained 
by the result of vitamin A therapy; the changes in the eye particu- 
larly respond promptly to such treatment. The determination of 
vitamin A and carotene levels are useful aids in diagnosing vitamin A 
deficiency. 

External Use of Cod Liver Oil. — There is a significant number of 
clinical reports favorable to the use of cod liver oil ointment in the local 
treatment of bums, of wounds, and ulcers. Burns in the ‘‘indolent 
stage'' and indolent ulcers are said to be especially benefited by local 
cod liver oil treatment, when dressings are left in place forty-eight 
hours. It seems evident that local infection diminishes and growth 
of granulation tissue and epithelization are stimulated. The use of these 
ointments docs not obviate the necessity of recognized surgical prin- 
ciples. Control studies on the benefit of such therapy is woefully lack- 
ing. 

Diagnosis of Defllciency. — Diet history and symptoms and signs are 
useful in diagnosing avitaminosis A. Adaptometer tests, blood serum 
estimations of vitamin A, and carotene are also useful. The therapeutic 
trial may also be employed. 

Vitamin A Requirements. — 

Children 6,000 to S,000 units daily 

Adults .3,000 units daily 

Women (pregnant and 5,000 units daily 

lactating) 

Common Units: One U.S.P. unit = 1 international unit = the 
activity of 0.6 microgram of beta-carotene. 

The present U.S,P, assay is based upon the ability of the vitamin to 
support growth in vitamin-depleted rats of specified age and weight 
which are fed a standard diet deficient in vitamin A. 

Opinions differ as to whether toxic effects can be produced by feed- 
ing massive doses of vitamin A. There is some evidence that patho- 
logical conditions follow hypervitamin osis A in experimental animals. 
Wollback and Bessey (1942) report as follows: “No important 
change has been seen by us in any of the internal organs. Heart, lungs, 
liver, kidneys, pancreas, and gastrointestinal tract are e.ssentially nor 
mal." 
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Sources of Vitamin A: Dietary, — This vitamin occurs in nature in 

the following foods: green leafy vegetables, yellow vegetables, liver, 

eggs, milk, butter, apricots, peaches, oranges, bananas and fish liver oils. 

Special Sources 

Cod Liver Oil, Oleum Morrhuae, U.S.P. It contains in each Gin. at 
least 850 U.S.P. units of vitamin A and 85 U.S.P. units of vitamin 
D, with not more than 1 per cent of any official flavoring sub- 
stance. B.P. must contain a minimum of 600 units of vitamin A 
per gram. Dosage: Infants and adults, 8 cc. (2 fluidrachms), 
administered one to three times daily. 

Noii-Desteariiiated Cod Liver Oil, Oleum Morrhuae Non-Dtstearinatum, 
U.S.P. Entire fixed oil obtained from fresh cod livers. One gram 
contains at least 850 U.S.P. units of vitamin A and at least 
85 U.S.P. units of vitamin T>. 

Cod Liver Oil Emulsion, Emulsum Olei Morrhuae, U.S.P. Cod liver 
oil (50%) with acacia, syrup, methyl salicylate and distilled wa- 
ter. Other flavors may be substituted for the methyl salicylate. 
Dosage: Infants and adults, 15 cc. (4 fluidrachms) daily. 

Carotene, N.N.E. A solution of carotene (vitamin A) in cottonseed 
oil in concentration of 7,500 units per Gm. 

Shark Liver Oil, N.N.R. An oil extracted from a species of sharks. 
Contains not less than 16,500 units of vitamin A and not less 
than 40 units of vitamin D per Gm. 

Oleovitamin A, Oleovitamina A, U.S.P. (Natural Vitamin A in Oil). 
Either fish liver oil, or fish liver oil diluted with an edible vege- 
table oil, or a solution of vitamin A concentrate in fish liver 
oil, or a solution of vitamin A concentrate in fish liver oil or in 
an edible vegetable oil. The vitamin A shall be obtained from 
natural (animal) sources. Oleovitamin A contains in each gram 
not less than 50,000 and not more than 65,000 U.S.P. units of 
vitamin A, and not more than 1,000 U.S.P. units of vitamin D. 
Dosage: Prophylactic, infants and adults, 0.1 cc. minims). 

Olevitamin A Capsules, Capsulae Oleovitaminae A, U.S.P. Dosage: 
One capsule containing 5,000 U.S.P. vitamin A units. 

Oleovitamin A and D, Oleovitamina A et D, U.S.P. Contains in each 
gram not less than 850 and not more than 1,100 U.S.P. units of 
vitamin A and not less than 85 and not more than 110 U.S.P. 
units of vitamin D. Dosage: Infants and adults, 8 cc. (2 
fluidrachms). 

Concentrated Oleovitamin A and D, Oleovitamina A et D Concentrata, 
U.S.P. Contains in each gram not less than 50,000 and not more 
than 65,000 U.S.P. units of vitamin A, and not less than 10,000 
and not more than 13,000 U.S.P. units of vitamin D. Dosage: 
Prophylactic, infants and adults, 0.1 cc. (1% minims). 

Concentrated Oleovitamin A and D Capsules, Capsulae Oleovitaminae A 
et D Concentratae, U.S.P. Dosage: 1 capsule. 

Cod Liver Oil Concentrates, N.N.R. The concentrates obviate certain 
disadvantages of cod liver oil. They represent the unsaponifiable 
portion of cod liver oil dissolved in a suitable oily vehicle. They 
are more expensive than cod liver oil. They are especially adapted 
to infant feeding, as they contain both vitamins A and D in the 
same proportion as found in cod liver oil. They are marketed 
in bottles, vials, capsules, and tablets. They are available in 
strengths up to 60,000 A units and 8,500 D units per Gm. 
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Halibut Liver Oilt N.N.R., containing not less than 60,000 A and 600 
D units per Gm., may be obtained in bottles and capsules. 
Percomorph Liver Oil, N.N.R., with a vitamin content of not less than 
60,000 A and 8,500 D units per Gm. 

Burbot Liver Oil, N.N.R., is available in capsules, each having a potency 
of 4,480 A and 640 D units per Gm. 

Vitamin D 

Although the search for the antirachitic vitamin makes one of the 
most interesting stories of science, only a few of the major incidents 
can be mentioned here. As early as 1890 Palm suggested that sunlight 
possessed an antirachitic action, and in 1919 Mellanby showed that 
experimental rickets could be prevented by cod liver oil, Huldschinsky 
(1920) demonstrated the cfiiciency of sunlight and ultraviolet light 
in the prevention and cure of rickets. A few years later Steenbock and 
Black (1924) and Hess and Weinstock (1924), independently, showed 
that ultraviolet irradiation could impart antirachitic activity to foods. 
Subsequent studies have led to the chemical identification of vitamin D 
and its precursors and have enlightened us on the possible mode of 
action of this important substance. 

The term ‘Vitamin D’* is applied to two or more substances which 
have a function in the metabolism of calcium and phosphorus. Of the 
many substances having vitamin D activity, two are of outstanding im- 
portance. Tlioy are the products of irradiation of orgosterol and 
7-dehydrochole.sterol. 

Products of Ergosterol Irradiation, — When ergosterol is exposed to 
irradiation, calciferol is one of the substances formed. According to 
Windaus (1930) the products formed are as follows: 

Ergosterol ( 0 , 4143011 ) 

i 

Eumi sterol 

4 

Tachvsterol 

i 

Calciferol (D,, Drisdol) 

i 

Toxisterol 

/ \ 

Huprasterol Suprasterol 

(I) (II) 

These compounds are closely related chemically, but possess marked 
differences physiologically. For example, toxisterol has toxic and cal- 
cifying properties greatly disproportionate to antirachitic action. 
Ergosterol is found in plants, and the activated form, calciferol, is the 
active constituent in various vitamin preparations such as irradiated 
yeast, iradiated bread, viosterol, etc. 

Ergosterol has no antirachitic effects until irradiated by ultraviolet 
rays or other means. Irradiation causes an intramolecular rearrange- 
ment involving a shift in position of a double bond, the empirical 
formula remaining the same, CJ 8 H 43 OH. Calciferol (Dj) is a crystalline 
substance, and is the international and U.S.P. standard of comparison 
for viosterol, 1 mg. corresponding to 40,000 units. 

Activated 7-dehydrocholesterol. — The irradiation of 7-dehydrocholes- 
terol results in the formation of activated 7-dehydrocholesteroL The 
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irradiation causes an intramolecular rearrangement involving a shift in 
position of a double bond but not a change in the empirical formula. 
Cholesterol must first be converted to 7-dehydrocholesterol before it can 
be converted to the active form. Activated 7-dehydrocholesterol (D3) 
is obtained from animal sources and is the form in which the vitamin is 
found in irradiated milk, and with numerous other antirachitic sub- 
stances in fish liver oils. This substance is also formed in the skin when 
exposed to sunlight. For all practical purposes activated 7 dehydro- 
cholesterol (D3) and calciferol (Dj) have probably equal antirachitic 
activity in human beings. Vitamin D is commonly employed to mean 
vitamin P, and D.,. 

Vitamin D is absorbed following oral, subcutaneous, intramuscular, 
and percutaneous administration. Oral administration is an eflBlcient 
means of administration. Bile, especially its constituent desoxycholic 
acid, greatly aids absorption. Approximately 25 per cent of the 
orally ingested vitamin escapes absorption, the vitamin in the form 
of cod liver oil is apparently better assimilated than is the more concen- 
trated form. The fate of vitamin D is not known. The vitamin is not 
rapidly destroyed by the tissues, but is apparently slowly excreted* 
Vitamin D is excreted in the milk in sufficient amounts to give it ap- 
preciable antirachitic value. 

Function and Mode of Action. — Vitamin D is an important factor in 
the regulation of calcium and phosphorus metabolism. The exact 
mechanism by wdiich vitamin D increases the retention of calcium and 
phosphorus is not known. Some investigators believe that it aids in 
the absorption of calcium and phosphorus; others, that it has a local 
effect on the bones which makes possible proper anchorage or deposition 
of calcium and phosphorus salts. It is quite possible that both views 
are correct. Vitamin D would then have a local as well as humoral 
effect. 

Although the antirachitic vitamin is concerned with the prevention 
of rickets, it is not the specific in the sense that other vitamins are; 
that is, the absence of vitamin D from the normal diet will not lead to 
rickets, but if, in addition, the amount or ratio of calcium and phos- 
phorus is abnormal, disorders of bone deposition will occur. The 
function of vitamin D appears to be to mobilize these calcifying 
elements, to make possible their utilization even when the diet is inade- 
quate. 

In man there are two primary factors in control of calcium and phos- 
phorus: vitamin D associated with absorption of calcium and phos- 
phorus, and the parathyroid gland associated with the mobilization of 
the.se elements from the bones. 

Clinical Manifestations of Vitamin D Deficiency. — 

1. BieJeets . — Bickets is a common disturbance of infancy and child- 
hood following avitaminosis D. The first symptoms in a child are 
irritability, fretfulness, and inactivity. At night there is restlessness 
and excessive sweating about the head and neck. Weakness of the 
muscles and an apparent inability of the younger child to learn to walk 
are characteristic symptoms. Digestive disturbances and delayed denti- 
tion are common. 

Definite confirmatory evidence is obtained by x*ray examination of the 
long bones and by blood analysis. The x-ray examination shows a 
failure in calcification of the bone, and a characteristic deviation of the 
epiphyseal line. The epiphyseal line becomes broad, concave, and ir- 
regular, and the end of the diaphysis is broad and ragged. The calcium 
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content of the blood remains fairly normal, but the inorganic phosphate 
in the plasma is diminished from the normal of 4 to 5 mg. per 100 cc. 
to 3.5 to 2.5 mg. 

2. Osteomalacia is a condition in adults (adult rickets) characterized 
by deficient calcification and softening of the bones, with consequent 
deformities. Pathologically and chemically the condition is essentially 
similar to rickets in children. 

3. Vitamin D deficiency also results in spasmophilia and improper 
tooth formation. 

Clinical Significance: Vitamin T> deficiency is apparently uncommon 
in adults and occurs sporadically mainly as a complication in diseases 
that interfere with the absorption of food. In the adult no satisfactory 
clinical test exists. Deficiency of vitamin D is to be suspected when the 
diet is lacking in the vitamin, or in the presence of such conditions as 
osteoporosis, osteomalacia, and tetany. It may also be found in preg- 
nancy or lactation, or in diseases that interfere with absorption and 
utilization of the vitamin, as in celiac disease, jaundice, etc. In sus- 
pected cases the effect of vitamin D therapy may be of value 
diagnostically. In children lack of vitamin D may be readily demon* 
strated by the presence of characteristic lesions in the long bones, as 
seen in roentgenograms. Diagnosis of vitamin D deficiency may also be 
aided by determination of serum calcium, phosphorus, and phosphatase 
activity. 

Therapeutic Uses. — The chief therapeutic indication for vitamin D 
is in the prevention and treatment of infantile rickets, spasmophilia, 
and osteomalacia, diseases which are manifestations of abnormal calcium 
and phosphorus metabolism. When used for prevention of rickets, be- 
gin administration at beginning of third week and administer 200 units 
daily. Increase dosage gradually until by the end of the first month of 
life 500 to 800 units are given. Vitamin D preparations should be 
continued throughout period of growth; the dosage, however, may be 
decreased during the summer months. The curative dose for the treat- 
ment of frank rickets is approximately 1,200 units, although some cases 
may require 60,000 units daily. The criteria of cure are a rise in the 
inorganic phosphorus and x-ray changes showing progressive calcium 
deposition. 

In the treatment of osteomalacia large doses of vitamin D in conjunc- 
tion with a dietary rich in vitamins are indicated. 

Scleroderma lias been eonsidereil the result of faulty eah'ium metabo 
lism with retention of oaleium in the interstitial spaces of the involved 
area. Vitamin 1), 200,000 to 300,000 units daily for several months, 
has been tried with encouraging results. In acne, vulgar is. therapy 
Avith vitamins has been extensively practiced. Vitamins A, J), and C 
and pyridoxine are often employed in large doses with some success. 

Vitamin D therapy is of value in the treatment of hypoparathyroidism; 
dehydrotachysterol, however, has recently been proved to be of tremen- 
dous value in the control of this condition. (See also Hormones.) Since 
conditions such as diarrhea, steatorrhea, and biliary obstruction would 
tend to interfere with vitamin D absorption, the prophylactic use of this 
substance is indicated. Clinical evidence does not warrant the claim 
that massive doses of vitamin D are of benefit in allergic disorders, 
psoriasis, or chronic arthritis. There is no known antirheumatic 
vitamin. It is true that deficiency of certain vitamins exists not in- 
frequently with chronic arthritis; in such cases vitamin therapy 
aids the condition by benefiting the general health and not by any 

specific*’ action. 
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Diagnosis of Deficiency. — The diagnosis of vitamin D deficiency 
may be made on the basis of the dietary history, symptoms and 
signs, and by x-ray. Blood serum, calcium, phosphorus and phos- 
phatase determinations are useful in diagnosing avitaminosis D. 

Vitamin D Requirements. — 

Prophylactic: 800- 1,200 international units daily 

Protective: 800- 1,200 international units daily 

Curative: 1,200-00,000 international units daily 

Common Units: One U.S.P. Unit = 1 international unit = 0.025 
microgram of pure crystalline vitamin D^. 

The U.S.P. official method of assay of vitamin D preparations in- 
volves the use of rats given a rachitogenic diet. Preparations to be 
assayed are compared with the standard preparation in regard to their 
healing effect on the rachitic metaphysis by means of the ‘Mine test. 

Hypervitaminosis D . — In this condition the calcium and phosphate 
levels of the blood are raised above normal. Toxic effects may include 
anorexia, nausea, pallor, lassitude; symptoms suggestive of hyper- 
calcemia may be noted. Poisoning without hypercalcemia may occur. 
Calcification takes place at an increased rate. When the doses are 
.sufficiently large (1,000 times therapeutic dose), the deposition of 
minerals at the epiphysis is made at the expense of that in the sliaft. 
Metastatic calcification may occur in the kidneys, blood vessels, heart, 
stomach, and bronchi. There is evidence of irritation and degeneration 
in various organs. The animal may lose weight rapidly, have intensive 
diarrhea, and die in five to fourteen days (Shohl, 1938). 

Similar reactions may have occurred in infants given excessive 
amounts of vitamin D, but it is doubtful (Musser, 1938). Elevation 
of the serum calcium above 12 mg. per 100 cc. is a danger signal. 

In the light of our present knowledge probably none of the vitamins 
is toxic in excess do.ses except possibly vitamin D which if administered 
in excess of 200,000 I.U. per day for an extemled period will cause 
hypercalcemia. 


Special Sources 

Synthetic Oleovitamin D, Oleovitamina D Synthetica, U.S.P. (Viosterol 
in Oil [applying only to Activated Ergostorol in Oil]). A solu- 
tion of activated ergosterol or activated 7-dehydrocholesterol in 
an edible vegetable oil. Synthetic oleovitamin I) contains in each 
1 Gm. not less than 10,000 U.S.P. units of vitamin D. Synthetic 
oleovitamin D must be labeled to indicate whether it contains 
activated ergosterol (Vitamin Dg or Viosterol) or whether it con- 
tains activated 7-dehydrocholesterol (Vitamin D,). Dosage: 
Prophylactic, 0.1 cc. 

Contain Vitamin D and Vitamin A: 

Cod Liver Oil . — The official U.S.P., N.F., and B.P. preparations are 
recommended. Many have already been listed under vitamin A. 
Other fish liver oils containing vitamins A and D are listed under 
vitamin A. 

Contain Fish Liver Oils and Irradiated Ergosterol : 

Cod Liver Oil With Viosteroly N.N.R. A preparation of cod liver oil 
to which has been added irradiated ergosterol (viosterol). Must 
contain sufficient added ergosterol to raise vitamin D content 
of the oil to 360 units per gram. 
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Halibut Liver Oil With Viosterol, N.N.R. A well-balanced prepara- 
tion of both vitamins A and D. Total vitamin D content brought 
to 10,000 units per gram. 


Vitamin £ 


The existence of a dietary factor essential for normal reproduction 
in the female rat was recognized by Evans and Bishop in 1922. A 
deficiency of this substance did not interfere with estrus, ovulation, 
or impregnation of the ovum, but did result in death and resorption 
of the fetus before the end of gestation. Later (Evans et al., 1936) 
three related alcohols possessing the biological activity of vitamin E 
were isolated. To these substances were given the names, alpha, beta, 
and gamma tocopherol. Alpha-tocopherol, the most active of these com- 
pounds, has the following structural formula: 
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Alpha-tocopherol (C„H,yOa) is an oily liquid, practically insoluble in 
water, but soluble in most organic solvents. It should be stored in air- 
free containers and protected from light and heat. There is little evi- 
dence that vitamin E is ever lacking in human diets. Good sources are 
the vegetable oils from the germs of seeds, such as wheat germ oil, 
peanut oil, cottonseed oil, etc. Green leaved vegetables, milk and eggs 
contain significant amounts. 

Vitamin E is readily absorbed from the intestinal tract. It is dis- 
tributed chiefly in fat and skeletal muscles. The animal body can store 
this vitamin quite effectively. 

Function and Mode of Action. — Little is known of the manner in 
which vitamin E functions in the body. Besides its importance in main- 
taining pregnancy in the female rat, its deficiency is also accompanied 
by retardation of growth. Evans and Burr (1928) reported that a 
characteristic paralysis followed its deficiency in suckling rats. Some 
workers have reported characteristic central nervous system changes 
in adult vitamin E-deficient rats. Vitamin E may also affect the level 
of endocrine functions, particularly the thyrotropic and gonadotropic 
activities of the pituitary gland. 

Another property of vitamin E is its antioxygenic activity, which re- 
tards rancidity by interference with the auto-oxidation of fats. 

Therapeutic Uses. — Our knowledge of vitamin E is based primarily 
upon studies conducted on experimental animals. Pregnant females 
maintained on vitamin E free diet are rendered incapable of retaining 
the fetus to term. Pathological changes develop in the embryo and 
in the placenta, resulting in early abortion or resorption of the fetus. 
Testicular degeneration is a prominent feature of vitamin E deficiency 
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in male animals^ although no change has been observed in the ovaries of 
the female animal. Spastic paralysis, an associated symptom, is found 
in both male and female animals. This paralysis is due to degenerative 
changes that occur in the muscles and connective tissues throughout the 
body. Growth in young animals is retarded by deficiency of vitamin 
E. 

Experimental observations on animals suggest that vitamin E may 
be of some value clinically in abortion, premature labor, early separation 
of the placenta, and also in the control of menopausal symptoms in those 
patients who either cannot take estrogenic substances or do not show any 
clinical response to them. Experimental observations on muscular de- 
generation indicate that vitamin E may exert some effect clinically on 
various types of muscular dystrophies and fihrositis. Numerous contra- 
dictory clinical reports have appeared. 

Vitamin £ Requirements. — The dosage for alpha- tocopherol has not 
been established. The biological activity, in rats, of alpha-tocopherol 
as compared to wheat germ oil may be approximately 100-200 to 1. 
Daily intramuscular injections of 50 to 100 mg. of alpha-tocopherol 
solution in oil have been recommended. It may also be administered 
orally. Larger doses of four to five times this amount may be neces- 
sary. At the present time there are no known contraindications to its 
use. Idiosyncrasy to wheat germ oil, however, has been reported. Prep- 
arations of vitamin E are not official. 

Common Units,— Synthetic alpha-tocopherol acetate (Ca,H„08) has 
been adopted as the international standard. 

Special Sources 

Wheat germ oil, cottonseed oil, and green leafy vegetables are good 
sources of vitamin E. Whole cereal grains, legumes, and soy beans also 
contain vitamin E. 

Alpha-tocopherol solution in oil is available for intramuscular admin- 
istration. It is also available in tablet form; 3 mg. of alpha- tocopherol 
=: approximately 1 cc. of wheat germ oil ( uncoiicentrated). The acetic 
acid ester of the pure synthetic vitamin E is also available commercially. 
It is well tolerated and is about 170 times more active than wheat germ 
oil. 


Vitamin K 

Of the additions to the therapeutic armamentarium which have been 
made during the past decade few are of greater interest than the dis- 
covery and identification of vitamin K and subsequently the synthesis 
of its various analogues. 

Vitamin K was discovered and named by Dam in 1935, when he ob- 
served a hemorrhagic tendency in newly-hatched chicks which could be 
cured or prevented by the administration of a nonsaponifiable nonsterol 
fraction of hog liver or alfalfa. Later he observed that the hemorrhagic 
tendency was due to low prothrombin content. 

In the meantime Quick had demonstrated that the bleeding tendency 
long known to exist in obstructive jaundice was also due to a deficiency 
of prothrombin. Combining these observations with the knowledge that 
absorption of fat-soluble materials is poor when bile is absent from the 
intestinal tract, gives the basis for the administration of vitamin K con- 
centrate with bile salts to patients with obstructive jaundice and hemor- 
rhagic tendency. 
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Sources of Vitamin K. — 


Natural Sources. — Extrinsic — vitamin K may be obtained in the 
diet from tomatoes, sprouts, gr^en carrot leaves and certain other green- 
leaved plants. Concentrates for therapeutic use may be obtained from 
alfalfa leaves. It has been impractical to use these foods effectively 
in the treatment of hypoprothrombinemic states, presumably because 
of the low concentration. Mothers have been fed foods rich in vitamin 
K in abundance without any noticeable elimination of the hypopro- 
thrombinemia of their offspring. Intrinsic — another important natural 
source of vitamin K is the bacterial flora of the gastrointestinal tract. 
The fact that newborn babies customarily have a low prothrombin level 
in the blood during the first few days of life is attributed to the absence 
of bacterial flora. 

Vitamin K, the fat-soluble antihemorrhagic substance, is readily 
absorbed from the intestinal tract in the presence of bile. There is 
evidence to indicate that only small amounts of vitamin K are stored 
in the body. 

Synthetic Sources. — Of great interest and sigpaificance has been the 
discovery that certain synthetic analogues of natural vitamin, par- 
ticularly 2-methyl-l, 4-naphthoquinone (menadione), possesses even 
greater physiological activity than the natural substance. Certain water- 
soluble compounds are now available, and may be administered by 
mouth without bile salts, or parenterally. Some of the water-soluble 
compounds include — 2-mothyl-l, 4-Tiaphthohydroquinone-3-sodium-sul- 
fonate, 4-amino-2-methyM-naphthol hydrochloride, and 2-methyM, 4- 
naphthohydroquinone diphosphoric ester tetrasodium salt. The follow- 
ing are formulas for a water- insoluble and a water-soluble vitamin K 
analogue. 
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2-methyM, 4-naphthoquinone 
(menadione) 
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2-methyM, 4-naphthohydro- 
quinone-3-sodium sulfonate 
(water soluble) 


Mode of Action. — The exact role played by vitamin K in the clot- 
ting of blood is not yet clearly understood. However, it is apparently 
essential to the formation of prothrombin, the site of the conversion 
being the liver. A normal liver can produce prothrombin in the ab- 
sence of vitamin K. Failure of patients with hypoprothrombinemia to 
respond to vitamin K therapy is usually traceable to liver pathology. 

The hemorrhagic diathesis associated with vitamin K deficiency is 
characterized by a decrease in level of prothrombin in the blood. Pro- 
thrombin is one of the four factors necessary for coagulation — the 
others being thromboplastin, fibrinogen, and calcium. 

Prothrombin -f thromboplastin -i calcium = thrombin 
Thrombin -H fibrinogen “ fibrin 

Menadione, or vitamin K is effective in the prevention and treat 
ment of hypoprothrombinemia and associated hemorrhagic diseases in 
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newborn infants, in the preoperative and postoperative treatment of 
patients with obstructive jaundice, and in reducing the tendency to 
hemorrhage shown by patients suffering from various conditions as- 
sociated with reduced blood levels of prothrombin. 

Hypoprothromhinemia . — Severe cases of hypoprothrombinemia re- 
quire immediate blood transfusion. In this condition prothrombin is 
probably reduced to less than 20 or 30 per cent of the normal value. 

Less severe hypoprothrombinemia will usually respond quickly to 
vitamin K therapy unless due to liver disease. Menadione (2-methyl- 
1, 4‘naphthoqumone) may be given orally in doses of 1 to 2 mg. daily, 
for periods up to four wetjks. 

In Infants , — Hypoprothrombinemia in the newborn can be corrected 
by administration of menadione. A single dose of 1 to 2 mg. may 
be given. Additional administration is gauged by the level of pro- 
thrombin achieved. 

In pre- and postoperative treatment of jaundice, bile salts and men- 
adione should be given for several days before and after operation. The 
usual dose is from 1 to 2 mg. a day. 

Supportive Treatment of Medical Cases . — Menadione may be useful 
in maintaining the prothrombin concentration in blood when biliary ob- 
struction is duo to common duct stricture, duct stone, or adhesions of 
the bile ducts. It may be useful in biliary fistula, catarrhal jaundice, 
etc. 

Treatment with menadione is of no value in hemophilia, thrombo- 
cytopenia, purpura, thrombopenia, aplastic anemia, multiple myeloma, 
or yellow atrophy of the liver. 

No toxic reductions have been observed following therapeutic doses 
of menadione. Response to therapy should be ascertained by means of 
prothrombin time determination after twelve, twenty-four, and forty- 
eight hours, and administration of the drug should be repeated at inter- 
vals of one to three days until normal prothrombin levels are attained. 

In many instances, parenteral administration is more satisfactory 
than oral, as the effect is more rapid and absorption more certain. 
For this purpose, menadione sodium bisulfite may be administered sub- 
cutaneously in doses of 2 mg., repeated daily as required. 

Method for Determination of Clotting Time.— A simple, roughly 
quantitative method for the clinical determination of clotting time 
was devised by Armand J. Quick. (Proc. Soc. Exper. Biol. & Med. 
42: 788-789, December, 1939; J. A. M. A. 110: 1658-1662, May 14, 
1938.) This test provides a sufficiently accurate criterion of the pro- 
thrombin level for most clinical purposes ; 

*^A drop of blood obtained by a heel or lobe puncture 
is put on a glass slide, and mixed with a drop of equal size of 
thromboplastin. The mixture is slowly stirred with a line 
pointed stirring rod. By holding the glass slide over a light, 
the exact clotting time can readily be determined. Normal 
blood will clot in 15 to 20 seconds. 

‘ ' Thromboplastin solution: Mix 0.3 Gm. of dehydrated rab- 
bit brain with 5 cc. of physiologic solution of sodium chloride 
containing 0.1 cc. of sodium oxalate. Incubate at 45® C. for 
ten minutes, then centrifuge at a slow speed for three minutes 
to obtain a milky supernatant liquid free from coarse 
particles. ' ' 

Special Soubces 

Menadione, Menadionum, U.S.P. (2-Methyl-Naphthoquinone, Menaph- 
thene, Menaphthone). Dosage: 1 mg. grain). 
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Menadione Tablets, Tahellae Menadioni, U.8.P. Usual size contains 

1 mg. 

Menadione Sodium Bisulfite, Afenadioni Sodii IHsulfls, U.S.P. (Men- 
adione Bisulfite). CiJIsOa.NaHSOa.IIaO. Contains not less than 
49 per cent menadione. Dosage: Intramuscular or intravenous, 

2 mg.; orally, doses not to exceed this amount daily, in tablet 
form, are usually sufficient. Approximately twice the amount of 
menadione bisulfite is required to supply an equivalent amount 
of menadione. 

Menadione Sodium Bisulfite Injection, Injectio Menadioni Sodii lii- 
sulfilis, U.S.P. Dosage: As for menadione sodium bisulfite, 
making further allowance for the dilution of the compound in 
solution. 
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CHAPTER XIX 
BIOIjOGICALS 

II. SERUMS AND VACCINES 

The subject of serum and vaccine therapy constitutes such an im- 
portant branch in the field of pharmacology and therapeutics that it is 
necessary to describe the recognized preparations now in use and their 
therapeutic applications. Serums and vaccines are employed (1) to in- 
dicate susceptibility to disease, (2) to diagnose it, (3) to induce passive 
or active immunity to it, and (4) to alleviate or cure it. 

Many infectious diseases may be pi^vented and treated by the ad- 
ministration of drugs (biologicals) which combat the invading bacteria 
or their toxins by building up the immune reaction of the host. These 
include sera which confer passive immunity and vaccines which induce 
active immunity. 

Sera include human immune globulin, human measles and scarlet fever 
immune sera, antibacterial sera, antitoxins, and many more. Vaccines 
are preparations of attenuated or dead bacteria or viruses, or bacterial 
toxins or toxoids. They include smallpox, rabies, cholera, plague, 
typhoid, etc., vaccines; diphtheria, and scarlet fever toxins, and diph- 
theria and tetanus toxoids. Detailed information on these products may 
be found in the U.S.P., N.N.Tt., N.F., and various textbooks. 

The general principles of immunity are too complex to permit a 
lengthy discussion here; on this subject a textbook of immunology 
should bo consulted. 

Immunity Beactions. — Immunity may be defined as the condition of 
being immune; security against a particular disease; specifically, the 
power which a living organism possesses to resist and overcome infec- 
tion. Immunity may be natural or acquired. Natural immunity is the 
immunity which a person acquires without effort or purpose on his part. 
It is usually active immunity. Acquired immunity is the immunity 
which an individual acquires after birth. It may be active or passive. 

Active Immunity. — This may he defined as the immunity elaborated 
by activity of a personas or animates own tissue, cells, or body fluids. 
It may be produced (1) by having and recovering from a disease, e.g., 
scarlet fever; (2) by the cumulative effect of slight, perhaps unnoticed, 
infections, e.g., tuberculosis; (3) by inoculation with an attenuated form 
of the causative organism, e.g., smallpox vaccine; (4) by injection of 
dead bacteria, e.g., typhoid vaccine; (5) by injection of bacterial 
products or constituents of the bacterial cell, i.e., as in plague; (6) by 
injection of toxins, i.e., for production of antitoxin (diphtheria anti- 
toxin) ; (7) by the injection of other antigens, e.g., red blood cells, 
tissues (thyroid), blood serum, or other proteins. 

The active immunity, formed by the introduction of antigens (toxins, 
toxoids, tuberculins, and bacterial and viral vaccines)^ is, in general, 
slower in appearance but more lasting than the passive immunity caused 
by introduction of foreign antibodies. It may be secured against many 
more infections than passive immunity. 

Passive Immunity. — This type of immunity depends upon defer^ve 
factors not originating in the individual protected, but is passively 
acquired by being injected with serum from an individwil who has ac- 
quired an active immunity against the disease in question. The effects 
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of these serums occur immediately on infection, but the protection lasts 
only a few days or weeks. Serum sickness/' which is due to the in- 
jected ^‘foreign" proteins, may occur. 

The following sera and vaccines are useful in the prevention, cure 
and the diagnosis of infecious diseases: 

Measles 

Human Immune Globulin, U.S.P. 

Human Measles Immune Serum, N.F. 

Measles, or rubeola, a highly contagious disease, seen mainly in chil- 
dren, is caused by a filtrable virus. Fever, rhinitis, anorexia, vomiting, 
photophobia, and a maeulopapular eruption are the usual symptoms. 

Treatment is usually symptomatic, including bed rest, light diet, 
and plenty of fluids. Human Immune Globulin and Human Measles 
Immune Serum arc used to prevent or attenuate measles. 

Complete passive immunization is seldom desirable except in severe 
outbreaks, since protection lasts only two or three weeks. Partial im- 
munity is preferable as it allows development of an attenuated form 
of the disease with permanent immunity. 

Protection is usually attained by Human MeatiJes Immune Serum, 
N.F. In infants and children of six years or under, administer 10 cc. 
intramuscularly within five days after exposure. Fifteen cc. are given 
to children between seven and twelve years of age, 15 cc. are given to 
older children and adults. 

Human Immune Globulin, U.S.P. is useful in the prevention and 
modification of measles. It is as mseful as convalescent serum but has 
the advantage of being universally available. Dosage: Intramuscu- 
lar for prevention, 2 to 10 cc. ; for modification, 2 to 5 cc. ( U.S.P. ). 
For modification the injection is made after exposure with the hope of 
modifying the disease and for the development of active immunity. 

Normal Human Serum, U.S.P., and Citrated Normal Human Plasma, 
U.S.P., preparations arc used in the treatment of shock and hemor- 
rhage and will be discussed in iletail in the next chapter entitled ‘‘Blood 
and Blood Substitutes." 


Snake and Si’Ioer Bites 

Antiveniu (Crotalus), N.N.K. 

An antitoxic serum prepareil by immunizing animals against 
the venom of Snakes of Crotalus family. 

Antivenin (Latrodectus Mactans), N.N.K. 

An antitoxic serum prepareil by immunizing horses against 
the venom of black widow spider. 

In the United States, the copperhead, rattlesnake, and water moc- 
casion are poisonous. Treat by application of tourniquet proximal to 
bite, incision and intermittent suction (mechanical pump or mouth). 
Potassium permanganate may be applied to wound. Inject Antivenin 
(Crotalus) locally in vicinity of bite. The serum may also be given 
intramuscularly or subcutaneously, and in cases seen late or in very 
sdvere cases give intravenously. Fifty cc. is the minimum dose. 

The black widow spider bite is sharp and smarting and is followed 
in an hour or so by intense local pain and abdominal cramps. Treat 
with morphine sulfate to allay pain, and, if serious, administer 500 cc. 
of 10 per cent dextrose solution by vein and 10 cc. or 10 per cent cal- 
cium jgluconate by muscle. Antivenin (Latrodectus Mactans) may be 
injected in a dose of 2.5 cc. intramuscularly after an intradermal in- 
jection of 0.02 cc. to test for sensitivity. 
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Botulism 

Botulism Antitoxin, N.N.K. 

An antitoxic serum prepared by immunizing animals against 
the toxins of two types of Clostridium hotulinum. 

Botulism is an acute poisoning caused by ingestion of meats, 
canned vegetables, etc., containing toxins of Clostridium hotulinum. 
Treat by lavage of stomach. Give 10,000 units of a potent Botulism 
Antitoxin at once by vein. Skin tests for sensitivity should be made 
first. Botulinus antitoxin may be given prophylactically after inges- 
tion of the infected food in a dose of 2,000 units siibc.utaneously. 

DirilTlIKRIA 

Diphtheria Antitoxin, U.S.P. 

Diphtheria Toxin Diagnostic, U.B.P. 

Alum Precipitated Diphtheria Toxoid, U.S.P. 

Diphtheria Toxin-Antitoxin Mixture, N.N.K. 

Diphtheria is an acute infection due to Corynebacterium diphtheriae 
in which there is a membranous jiharyngitis and severe toxemia. The 
primary objective is to neutralize this toxin; and for this purpose 
Diphtheria Antitoxin is the most potent agent known. Administra- 
tion should be intravenous except in mild cases, when intramusdiitlaV 
injection is permissible. Dosage: By i)arenteral injection: therapeu- 
tic, 20,000 units; prophylactic, 1,000 units (U.S.P.). 

Prophylactic Treatment. — This is best accomplished by eliminat- 
ing carriers and actively immunizing all susceptible persons. Car- 
riers should be detected and the infection removed. 

Infants .should be actively immunized at six months of age and 
adults when showing a positive Shick test. 

The Shick test is performed by injecting 1/40 M.L.D. of Diph- 
theria Toxin Diagnostic, U.B.P., diluted in 0.2 cc. of physiological 
saline solution, intracutaneously into the inner side of the forearm. 
A positive reaction is characterized by a red, raised indurated area. 

For immunization Alum Precipitated Diphtheria Toxoid, U.S.P., 
is most commonly used. Inject 1 cc. of the commercial product sub- 
cutaneously, Give Sliick test in six months and, if positive, repeat 
injection of toxoid. 

Diphtheria Toxin- Antitoxin Mixture, N.N.K., may be used for active 
immunization, especially in those who react severely to toxoid, older 
children, and adults. Ordinarily diphtheria toxoid is preferred. It is 
given preferably at the insertion of the deltoid, in three doses, with an 
interval of one we(*k between doses. Give Schick test about six months 
after last injection. If positive, repeat immunization. 


Pertussis 


Pertussis Immune Serum, N.N.K. 

Pertussis Vaccine, N.N.K. 

Pertussis Vaccine and Antitoxin Combined, N.N.K. 

Pertussis Vaccine Combined With Diphtheria Toxoid, N.N.K. 
Pertussis Vaccine Combined With Diphtheria and Tetanus 
Toxoids, N.N.K. 

Pertussis, or whooping cough, is caused by Hemophilus pertussis. 
Treat the symptoms. Sedatives are indicated for the paroxysms. Prob- 
ably all infants should be immunized when the diagnosis of pertussis 
is established. Pertussis Immune Serum (Human), N.N.K., may be 
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administered in dosage of from 5 to 40 cc. (intravenously, given over 
two days as several injections. Recently, concentrated forms have be- 
come available in which 2.5 cc. contain the therapeutic equivalent of 
25 cc. One such dose may be given intramuscularly, and repeated 
again in twenty- four to forty-eight hours if necessary. 

Prophylactic Treatment . — Vaccination against pertussis probably is 
advisable. Immunization is usually started at the age of six months 
and consists of three injections usually of 1 cc. at monthly intervals. 
Recent studies indicate that infants seldom possess maternal antibodies 
against pertussis and that vaccination may be given as early as one 
week after birth. Vaccines may be combined with tetanus toxoid and 
diphtheria toxoid, or both, for simultaneous immunization. 

Gas Gangrene 

Bivalent Oas Gangrene Antitoxin, U.S.P. 

Pentavalent Gas Gangrene Antitoxin, U.S.P. 

Trivalent Gas Gangrene Antitoxin, U.S.P. 

Tetanus and Gas Gangrene Antitoxins, U.S.P. 

These preparations are used in the prevention and treatment 

of gas gangrene. Their value is questionable. 

Gas gangrene is caused by wound infection with any of several 
anaerobes, particularly Clostridum welchii and Cl. oedematis rnaligni. 
Treatment is difficult and requires surgery, chomotlu^rapy, and immuno- 
therapy. Radical removal of infected tissues is indicated. Penicillin, 
which is our most potent specific agent, should be given in doses of 

50.000 units every three hours. 

The use of polyvalent gas gangrene antitoxin in severely contaminated 
injuries greatly lessens the chance of infection. The usual dose is the 
contents of one syringe (commercial) or even more, this repeated in 
ten days if necessary. 

Tetanus 

Tetanus Antitoxin, U.S.P. 

Tetanus Toxoid, U.S.P. 

Alum Precipitated Tetanus Toxoid, U.S.P. 

Tetanus is caused by wound infection with Clostridium tetani. Be- 
sides quiet and bed rest, nasal oxygen inhalation and parenteral feed- 
ing may be necessary. Penicillin may be used to inhibit the organism 
but it does not neutralize the toxin. 

If clinical tetanus (muscle tension, hyperirritability, opisthotonos, 
and convulsions) has developed, the antitoxin can accomplish little. 
Administer 50,000 units intravenously to neutralize the toxin in circula- 
tion. First, test sensitivity with a small dos(!. It seems inadvisable 
to give antitoxin by other routes or in large doses, although both have 
been advocated by experienced workers. 

Prophylactic Treatment . — In case of contaminated wounds, admin- 
ister 10,000 units intramuscularly; if the wound is extensive, give 

20.000 units. A skin test for sensitivity should be carried out and 
desensitization should be done if positive. Polyvalent serum containing 
gas gangrene (previous listed) may also be given. 

Active immunity may be produced by injection of Tetanus Toxoid or 
Alum Precipitated Tetanus Toxoid. Administer 0.5 or 1 cc. (correct 
dosage on package) followed in three months by another dose of equal 
amount, and thereafter once every two or three years. When wounded, 
a person treated in this manner need not be given Tetanus Antitoxin 
but an immediate further dose of toxoid. 
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Rabies 

Babies Vaccine, U.S.P. 

Babies Vaccine (Semple), N.N.R. 

Babies Vaccine (Pasteuf), N.N.R. 

Rabies is a disease usually contracted from the bite of a rabid an- 
imal whose saliva contains the virus. The usual symptoms are nervous- 
ness, inability to swallow, and vomiting. Within a few hours or a day, 
convulsions and death occur. 

Treatment is symptomatic. Bedation is useful to control convulsions. 
Preventive treatment is the only hope. Clean wounds with water and a 
local antiseptic. Cauterization of wounds with fuming nitric acid or 
phenol is advisable. 

The animal causing the bite should be caught and observed for two 
weeks. If the animal remains healthy and the bites . are not on the 
face or hands, vaccine treatment may be delayed. If the animal is not 
caught, or if he is sick, or if the bite is about the hands or face, start 
prophylactic treatment at once. Administer injections of Babies Vac- 
cine on every other day by the intramuscular route. The courses consist 
of from seven to fourteen injections. Dosage is given on commercial 
package. 

Rabies Vatadne (Semple) is apparently more potent and is used more 
in this country than Rabies Vaccine (Pasteur). 

IlRrcELLosis (Unoulant Fkvek) 

Brucella Vaccine, U.S.P. 

Brucellosis is caused by one of three species of Brucella — Rr. meliten- 
sis, Hr, miSf or Br, abortus. The disease usually starts with a severe 
fei>rilo illness resembling typhoid fever. One-third of the cases pass 
into a chronic stage characterized by weakness, insomnia, loss of weight, 
and periodic rises in temperature. 

Treatment. — There is no specific treatment suitable for all forms of 
Inucellosis. Treat symptoms as they arise. Hulfonamides are ef- 
fective in some cases and streptomycin apparently shortens period of 
acute illness. Vaccine therapy is useful in chronic cases. Dosage 
for Brucella Vac<*.ine: Subcutaneomsly or intramuscularly, 0.1 to 0.25 
cc. of vaccine containing two to six billion killed organisms is the initial 
♦lose. Hubsequent doses are gradually increased by the amount of the 
first dose and may be administered at two- to five-day intervals until a 
dose of 1 cc. is reached. 

Cholera 

Cholera Vaccine, U.S.P. 

Cholera is an acute enteritis, common in Asia, which is caused by 
the Vibrio comma. The infection usually enters the body through the 
mouth following the drinking of contaminated water. Symptoms in- 
clude profuse diarrhea and vomiting with resulting dehydration. The 
mortality is high. 

Treatment. — Bed rest and an abundance of fluids are of vital impor- 
tance. The sulfonamides are moderately effective. Specific antiserums 
are not particularly effective. Prevention: Cholera Vaccine has been 
used as a prophylactic with some success. 

Plague 

Plague Vaccine, TJ.S.P. 

Plague is a disease of rodents caused by Pasteur ella pestis. It is 
transmitted to man usually by fleas, producing local buboes and septi- 
cemia. 
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Treatment. — Isolate patient and treat symptomatically. Give light 
diet and force fluids. Streptomycin and also the sulfonamides are of 
value in some forms. 

Prevention by Plague Vaccine appears to be of great value. Per- 
sons likely to be exposed should be vaccinated. Dosage: Hjrpodermic 
for active immunization, 0.5 cc. and 1 cc. with a seven- to ten -day 
interval, the latter dose to be repeated once (U.S.P.). 

Typhoid Fever 

Typhoid Vaccine, U.S.P. 

Tsrphoid and Paratyphoid Vaccines, U.8.P. 

Typhoid fever is an acute febrile disease caused by Eberthdla 
typhosa. It is characterized by general lymphoid hyperplasia, and 
splenomegaly. Treat symptomatically. No specific therapy is available. 

Treatment. — Bed rest and methods to sustain nutrition are important. 
Immune sera and vaccines are of no avail. Sulfonamide, penicillin, 
and even streptomycin are of little value. 

Prophylactic treatment by vaccination with Typhoid Vaccine or 
Typhoid and Paratyphoid Vaccine.^ is advisable. Dosages are given 
on commercial packages. 


TlIDKK(n’l.o.SI.S 

Old Tuberculin, U.H.P. 

Purified Protein Derivative of Tuberculin, IJ.S.P. 

Many Tuberculins listed in N.N.R. 

Tuberculosis is a disease caused by Mycobacterium tuberculosis. 
Tissues and organs affected suffer destruction through tubercle forma- 
tion and allergic reactions, while the host is debilitated by the general 
toxicity of the process. 

Treatment. — There is no specific treatment. Prolonged rest, quiet 
and proper food are indicated. Prevention of tuberculosis by vaccina- 
tion has not been successful except with BCG strain. This vaccine is 
introduced into tuberculosis-negative individuals in whom it is said to 
initiate a benign, self -limiting process which rather rapidly produces 
a variable degree of resistance. BCG vaccination apjiarently has been 
quite 8ucce.ssful in European countries. 

The various tuberculins (Old Tuberculin, Purified Protein Derivatives 
of Tuberculin, and others) are u.sed for the diagnosis of tuberculosis 
by skin tests. 

•ScARf.ET Fever 

Scarlet Fever Streptococcus Antitoxin, IJ.B.I\ 

Scarlet Fever Streptococcus Antitoxin for Schultz>Charlton 
Tost, N.N.R. 

Scarlet Fever Streptococcus Toxin, U.B.P. 

Tliere is a tendency to look upon .scarlet fever not jis a pure disease 
entity, but as a peculiar reaction of susceptible individuals to some 
strain of Streptococcus hemolyiicus. The typical case following an in- 
cubation period of three to eight days is characterized by sudden onset 
with nausea and vomiting, high fever, sore throat, leukocytosis, and 
with the appearance within twenty- four hours of a scarlet, maculopapu- 
lar rash on the body and a punctate eruption on the roof of the mouth. 
The symptoms tend to subside within five to seven days, and a few' days 
after disappearance of the rash the desquamation begins. 
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Treatment . — Isolation and rest in bed are indicated. Supportive treat- 
ment may bo necessary. Penicillin has been found superior to the sul 
fonamides in reducing the toxic state. 

Scarlet Fever Streptococcus Antitoxin , 4,000 to 6,000 units, is given 
intramuscularly. The (ionsensus seems to V)e that early administration 
(*auses subsidenc<5 of fever and disappeara?n*o of the rash. It may in 
flucnce the course of the disease. However, there is the likelihood of 
inducing serum sickness, ('onvaleseent serum, or transfusions from 
convalescents which furnish the same antitoxin, may also be used. For 
diagnostic purposes, 0.2 cc. of the antitoxin (Scarlet Fever Streptococ- 
cus Antitoxin for Schultz- Charlton Test, N.N.K.) injected intra- 
dermally will cause a scarlet fever rash to blanch (Schultz-Charlton 
reaction) . 

Prophylaxis: Kither passive immunization with Scarlet Fever Anti- 
toxin or active immunization with the toxin is possible, but since these 
primarily affect the rash rather than serious manifestations of the dis- 
ease, they are of limited value. 

Scarlet Fever Strc 2 )tococcus Toxin, U.S.P., is used in the Dick test 
to determine susceptibility to scarlet fever; also for active immuniza- 
tion. For the test to determine susceptibility, inject intracutaneously 
0.1 cc, of the dilution representing one skin test dose. A red flare with 
pseudopodia results when there is no immunity to the toxins of the 
hemolytic streptococci. 

SMAia.pox 

Smallpox Vaccine, 

Smallpox, or variola, is a virus disease, often epidemic and attended 
by fever, prostration, and extensive eruption. 

Treatment . — Isolation and bed rest are indicated. Treat sympto- 
matically. There are no etfective specific measures. 

Prophylaxis: V^'accination with Smallpox Vaccine ordinarily pre- 

vents or greatly modifies the disease even when done several days after 
exposure. Children should be vaccinated between the ages of six and 
twelve months and again before six years. Thereafter, vaccination 
should be done every ten year.s. 

Other Vaccines 

Common “Cold*' Vaccine. — A number of ‘^cold" vaccines have been 
<leveloped to prevent the common cold. These preparations consist 
usually of mixed bacteria often found in the oral cavity, and usually 
include streptococcus, pneumococcus, staphylococcus, and sometimes H. 
influenzae, Friedlander *s bacillus, and M. catarrhalis. While the evi- 
dence now indicates a viral rather than a bacterial etiology of colds, 
mixed bacterial vaccines may still be administered by some clinicians 
on the basis that such vaccines diminish the severity of colds or lessen 
the severity of secondary infection. Clinical trials indicate that ^^cold" 
vaccines actually have little influence on the incidence or severity of 
colds, nor do they reduce tlie chances of secondary infection. (Diehl et 
al., 1940.) 

Meningitis Meningococcic Vaccines have been prepared, but prophy- 
lactic vaccination does not confer a marked degree of immunity. 

Gonorrhea. — A conservative estimate would be that in general the 
therapeutic use of vaccines in acute gonorrheal conditions has been 
a failure; in certain cases of chronic infection, for example arthritis, 
favorable results have been reported. 
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Staphylococcus Infections. — ^Vaccine therapy in acute infections is 
apparently of no value. In the more chronic forms beneficial results 
may occur. 

l^uenza Vaccine. — Vaccine made of influenza virus calls forth an 
antibody response in the recipients, but they do not completely pro- 
tect against attacks of influenza. The evidence is good that the 
incidence of the disease is reduced in some groups and that the 
duration of the disease is shortened. 

BheumaUc Pever and Arthritis. — The etiology of these conditions 
still remains obscure. Different vaccines, however, have been tried, 
especially from various strains of streptococcus, staphylococcus, and 
organisms isolated from abscessed teeth, etc. In spite of certain 
dramatic results it cannot be said that these vaccines have shown 
impressive therapeutic results. Beneficial and sometimes curative re- 
sults, however, have followed the use of typhoid vaccine or other 
vaccines, explained on the basis of nonspecific protein therapy. It 
is generally the custom to give large doses intravenously to cause a 
general, though not severe reaction. 

Bacterial Vaccines, Mixed. — The employment of vaccines should 
be based either on the discovery of the causative microorganism or 
on the established clinical knowledge that the disease was caused by 
a definite organism. If two or more organisms are associated wdth 
the disease, a mixed vaccine may be indicated. 
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CHAPTER XX 
BIOLOGICALS 

111. BLOOD, BLOOD DERIVATIVES AND 
SUBSTITUTES 

Although blood transfusions were occasionally performed in early 
times, it is only during the last thirty years that the fundamental 
jirinciples and technic have been sufficiently established to make it a 
practical therapeutic measure. Recent studies, fanned by the needs 
of the military fences in World War 11, have developed new and life- 
saving remedies from common blood. 

Definition of Terms. — Whole blood may be thought of as essentially 
a liquid menstruum, called plasma, in which are suspended the formed 
elements of the blood, such as red blood cells, white cells, platelets, etc. 
When withdrawn from the circulation, blood tends to clot because of the 
presence of fibrinogen. If blood is permitted to clot spontaneously, a 
considerable fraction of liquid may be removed; this is called serum. 
Serum is essentially plasma minus fibrinogen. If blood is prevented 
from clotting by the addition of some anticoagulant (sodium citrate 
solution), the liquid portion recovered may be called citrated plasma 
or just plasma. 

Bationale of Fluid Replacement. — Although divergent views con- 
cerning the cause of shock are expressed by various writers, all agree 
that a marked decrease in the total blood volume is one of the principal 
factors. This decrease is due in part to loss of blood plasma at the 
site of injury, to local loss of plasma in burned area, or loss of plasma 
as the result of increased capillary permeability. This decrease can be 
best corrected by intravenous administration of whole blood, plasma, or 
serum. That fluid is indicated for transfusion which most closely re- 
sembles that which is lost. Thus in burns, a transfusion of plasma 
is the logical choice, while in severe hemorrhage, whole blood is indi- 
cated. 

In the past the indication for transfusion was on the basis of 
need for red cells, and pla.sma was rarely considered. Red blood cells 
are of great importance, but they have but one function — that of 
convoying oxygen from the lungs to the tissue cells. Red cells do not 
create colloid osmotic pressure or materially increase the effective blood 
volume or pre.ssure. lilood plasma or serum has many functions, not the 
least important of which is the function of maintaining a colloid 
osmotic pressure, blood volume, blood pressure, and circulation of red 
cells. The functions of blood or its substitutes may be briefly sum- 
marised as follows: (1) Increase in volume of circulating blood, (2) 
increase in oxygen -carrying capacity of blood, (3) increase in osmotic 
pressure of blood, (4) increase in blood coagulability, (5) addition of 
immunologic factors, and (d) possible stimulation of hematopoiesis. 

Unfortunately undue publicity has resulted in the widespread but 
unsound belief that human serum or plasma can be substituted for 
whole blood in any clinical condition. It is true that serum and plasma 
may be as efficacious as whole blood in some uses, and even more ef- 
fective in many others, but remember that whole blood has no substitute 
in certain conditions. 
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Whole Blood 

There have been many new developments in blood transfusion in 
recent years — both as to source of blood and method of administration. 
Most important of these has been the storage of blood for emergency 
use. 

Sources of Blood, — The most common sources of blood are pro- 
fessional or nonprofessional donors, whose blood has been checked for 
hemoglobin level, cell count, flocculation and grouping, and lack of 
disease (syphilis, malaria, allergy, etc.). In Russia, cadaver blood has 
been used extensively. In this country placental blood is of increasing 
importance as a source of stored blood. However, its use is limited to 
hospitals possessing a large obstetrical service. 

Blood Banks. — The importance of the availability of preserved 
blood for immediate use needs no emphasis. There is considerable 
convincing information available which indicates that it is as effective 
as blood which has recently been drawn. 

The following facts are known with reference to preserved blood: 

1. Apparently there is no deterioration in the plasma proteins for a 
period of at least sixty days (Scudder, 1940). 

2. Hemolysis of the red blood cells occurs in less than 1 per cent in 
thirty days, provided a suitable preservative is used. De Gowin and 
Plass (1940) recommend the following mixture: 

Dextrose (5.4%) 13 Volumes, 650 cc. 

Sodium Citrate (3.2%) 2 Volumes, 100 cc. 

Blood 10 Volumes, 500 cc. 

1,250 cc. 

Blood should be stored at temperatures from 0 to 5® C., since hemolysis 
is greater as temperature rises. Excessive shaking should be avoided. 

3. Leucocytes disintegrate rather rapidly, that is, within twelve to 
forty-eight hours, so that old blood has little value in agranulocytosis 
and also probably in certain cases of sepsis where granulocytes are 
needed (Kolmer, 1939). 

4. Platelets agglutinate within twenty-four hours. Therefore, in 
thrombopenic purpura, old blood is of little value in preventing hemor- 
rhages. 

5* Complement is active for at least seven to ten days; the bactericidal 
activity is well preserved for seven days. 

6. Prothrombin slowly diminishes with storage until it is about 30 
per cent of normal in one month. In patients with hemorrhagic diathesis 
in obstructive jaundice, however, this deficiency can be supplemented 
by vitamin K. 

Wlien blood is to be stored, it is drawn in a citrate solution (sodium 
citrate 1.2 Gm. in 50 cc. of physiological saline in 500 cc. of blood). 
Heparin may also be used as an anticoagulant. The blood is then 
sealed and placed in a refrigerator. Refrigerated blood three to four 
weeks old has been administered to patients without occurrence of un- 
toward results, but the optimal time for utilization of blood may be 
placed more safely at two weeks or less after the blood has been put 
in storage. If stored blood shows any evidence (grossly) of hemolysis 
or clotting, it should be discarded. 

Blood Transfusion. — 

(a) Direct Tran^/ttwon.— The blood is taken from the donor and im- 
mediately given to the recipient. Aseptic technic must be followed. If 
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reactions are thought to be caused by the anticoagulant, this procedure 
may be useful. 

(b) Indirect Transfusion , — >ln giving an indirect transfusion, the 
blood is placed, observing sterile precautions, into containers containing 
an anticoagulant and subsequently injected into the recipient. 

Because of the flexibility of the indirect method of transfusion (citrate 
or other anticoagulant), it is usually preferred to the direct method. 
The relative incidence of reaction with the direct method may be slightly 
less than with the indirect method, but this is more than offset by the 
practicability of the indirect method. Likewise, since the advent of 
the use of storage blood, the direct method is less used than it was. 

All blood for transfusion should be typed for Landsteiner groups 
and the Kh factor. Kh-negative males should not receive repeated 
transfusions of Rh-positive bloo<l and Rh-negativo females should never 
nM*eivo Rh-positive blood. 

There must also bo a record of a negative VVassermann test for the 
donor. The donors must bo free* from malaria, infectious jaundice, and 
possible other transmissible diseases. Allergic reactions may be kept at 
a minimum if the blood is taken only from fasting donors. 

Further information on technic of blood transfusion may be obtained 
from the authoritative book written by Riddell (1941). 

Procedure. — Blood and blood substitutes may be administered, using 
a 15 gauge Lewisohn needle. Usually thirty to forty-five minutes are 
allowed for the administration of 500 cc. of blood. Containers are 
hung fairly high and the rate of drip is regulated by means of a stop- 
cock. When veins are small or poorly filled, venipuncture may be very 
difficult. Under such circumstances a tourniquet should be placed at a 
short distance above the site of venipuncture in order to distend the 
vein to the maximum. Poorly filled veins may be distended satisfac- 
torily by the application of hot moist packs to the extremities, if time 
permits. 

The amount of transfusion required will depend on the patient ^s needs 
and response. The patient blood pressure and pulse should be checked 
frequently. In severe hemorrhage as much as 2,000 cc. of blood or 
plasma may be required. The excessive administration of fluid to pa- 
tients in shock may tend to cause pulmonary edema, excessive strain on 
the heart, and otlicr ill effects. 

Transfusion Reactions. — Blood transfusion is not entirely unattended 
by untoward effects, and occasionally serious and even fatal results oc- 
cur. Reactions following plasma infusion are rare. The most serious 
accidents are usually tlic result of transfusion with incompatible blood. 
In such instances the symptoms may consist of anxiety, back pain, and 
flushing of the face. Death may occur, particularly if the flow of blood 
is not stopped immediately. Upon appearance of any symptoms of 
toxicity, the administration of 0.5 to 1.0 cc. of epinephrine (1:1,000) 
subcutaneously or intramuscularly is indicated. 

A chill or fever usually follows initial reactions. This appears to be 
the result of liemolysis with liberation of free hemoglobin into the blood 
stream. Whenever a reaction occurs, it is advisable to administer sodium 
bicarbonate in sufficient amounts to render the urine alkaline. This is 
done in an attempt to prevent precipitation of hemoglobin in the 
tubules which may result in obstruction of these passages, causing 
uremia. 

Allergic reactions, such as hives, eosinophilia, and asthma, are some- 
times observed. Atropic individuals are undesirable donors since they 
may confer the same hypersensitivity upon the recipient. Furthermore, 
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allergic patients may react to substances contained in the donor's blood. 
It is recommended that the donor be in a fasting condition at the time 
the blood is given. 

Blood Derivatives 

Human Plasma and Serum. — The entire field of plasma and serum 
therapy is new and developing rapidly. New modifications arc being 
constantly made and put into use. Plasma may be preserved in either 
a wet, dry, or frozen state. The main thing to bear in mind is to use 
a method that assures a safe, sterile plasma or serum, possessing as 
many of the original properties of fresh blood as possible. 

It is not within the scope of this book to attempt to describe the 
various methods of preparing plasma or serum. Stringent requirements 
are established by the National Institute of Health for the manufacture 
of human plasma and serum. 

Plasma vs. Serum. — For a time there was much discussion as to the 
relative merits of serum and plasma. It appears that, when carefully 
obtained and prepared, plasma or serum may be eqimlly efTcetive and 
given with equal safety. Our British and Canadian Colleagues are 
using serum with highly satisfactory results while opinion in the United 
States is divided; a majority favor the use of plasma. 

Indications. — CMtrated human blood plasma is the best substitute 
for whole blood in wound shock, because typing is u»i necessary and it 
can be preserved for months. If it is dried, it can be preserved in- 
definitely. Keactions are rare. Pooling of the plasma tends to in- 
activate harmful substances. Plasma should be filt(»red before admin- 
istration to remove any minute particles of fibrin which may block the 
transfusion needle and, of greater significance, tend to emboli formation. 

Citrated Normal Human Plasma, U.S.P., is prepared from the liquid 
portion of citrated whole blood. It is used in the treatment of surgical 
and traumatic shock and hemorrhage. It is also used to combat hypo- 
proteinemia in the treatment of burns. The usual dose is 500 cc. by vein. 

Serum is used much the same way as plasma. It is free from fibrin. 
Serum is packaged in liquid form or as the dried powder. 

Normal Human Serum, U.8.P., is a sterile serum obtained by imoling 
equal amounts of the liquid portion of coagulated whole blood from 
eight or more persons. Its use, dosage, and method of administration 
are the same as for the Citrated Normal Human Plasma. 

Dosage: Plasma is preferably given intravenously, but may be given 
intramuscularly if the intravenous route is not available. The amount 
of plasma or serum to be administered varies with the needs of the pa- 
tient. Although laboratory tests (erythrocytes, hemoglobin, blood 
protein levels, hematocrit, etc.) are useful, the condition of the patient 
is the only guide for the amount of material to be employed. 

The average dose at one time is 500 cc. However, doses vary from 
250 to 1400 cc. Plasma or serum should be administered as frequently 
as is necessary to meet the needs of the individual patient, it being es- 
sential to balance all losses and supply sufficient additional protein to 
meet metabolic needs. 

It should be emphasized that a plasma-treated or albumin-treated 
shock patient may recover from his shock, but may bo an anemic 
patient. The most serious difficulty resulting from transfusion with 
whole blood and plasma, especially pooled dried j)lasma, has been the in- 
creasing incidence of homologous serum jaundice, (k)ntrol of this 
disease is an important medical problem. One approach would be the 
development of methods of sterilization of blood and plasma. 
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Serum Albumin. — Dr. E. J. Cohn, one of Americans foremost physio- 
chemists, headed a research group which developed serum albumin. This 
substance is a new blood subiVbitute which does the same job as plasma 
in treating wound shock. Human serum albumin as prepared contains 
25 grams of albumin per 100 cc. of fluid. One-fifth as much albumin is 
needed for transfusion as when whole plasma is used. 

It has the advantage of convenience and compactness, important es- 
pecially in the Military Service. It does not require refrigeration, and 
reactions are practically absent. 

Blood albumin is useful in shock and low plasma protein. Its chief 
advantage over plasma is that it can be given in a highly concentrated 
solution which is of value in patients who may become edematous from 
excessive volumes of parenteral fluids. The usual dose of a ‘^Unit^’ 
of 25 (xin. in 100 cc. of saline, equivalent to 500 cc. of plasma, may be 
repeated in fifteen to thirty minutes. 

More recently serum albumin has been used in hypoproteintmic edema 
ami nrp/iro.si.s*. Its use in these conditions led to the preparation of 
a salt-poor albumin solution in which the sodium content is one-seventh 
that of an osmotically equivalent volume of plasma and in which 
staliilization has made possible heating at 60° for ten hours. This 
procedure lias ina(*tivated tlie virus of serum jaundice and proV)ably 
has destroycMl many bacteria, making it possible to omit the preserva- 
tive. Now all albumin produced conforms to the specifications for low 
salt, presiMvative-f ree serum albumin. Serum albumin, of course, lack.s 
oxygen-carrying power, but <ioes not transmit jaundice and is easy to 
liandh* ami administer. 

l'lM*ra[)eutic use for alhumiii is to sustain or restore the level of 
circ'ulating aihumin, in such comlitions as severe infections, burns, 
peritonitis, or abdominal or thoracic operations. Administer largo 
doses, 50 to JOO (tin. in twenty-four hours. A high caloric diet is iii- 
<li('ated. In a <dironic form of hypo-albuniinemia such as nephrosis, 
the injected protein appears almost quantitatively in the urine and little 
elevation of s(*rum protein follows daily injections. Nevertheless, 
adequate doses of albumin (50 Gm. per day for adults) will result in 
a slow diuresis (Janeway, 1948). 

In cirrhosis of the liver adequate doses of albumin (50 Gm. daily) 
will elevate* the serum albumin level. Diuresis and disappearance of 
ascites may follow in some patients (Kunkle, 1948). 

Globulins. — The Harvard group under Dr. Cohn next made a useful 
stu<ly of human blood globulins, another type of proteins. The globu- 
lins are those bloo<l proteins which contain important antibodies which 
fight disease. The object of these studies was to isolate antibodies 
and use them to protect human beings against disease. 

The measles globulin y Human Immune Globulin, U.S.P., is an excel- 
lent example. It contains the antibodies of the disease in a concentrated 
form. Measles globulin has been used effectively during the last year 
and now is being produced on a large scale. Globulin studies are now 
in progress on other infectious diseases including mumps, scarlet fever, 
whooping cough, and many more. 

Human Immune Globulin is rapidly replacing the use of convalescent 
serum, pooled adult serum, and placental extract for the passive im- 
munization of certain infectious diseases. 

Blood Grouping Globulins . — -The anti-A and anti-B agglutinins and 
the anti-Bh agglutinins can be concentrated and utilized as blood 
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j^rouping reagents provided the plasma ])ool from which they are pre- 
pared consists of plasma of a single type (Oncley, 1946). 

Recently, favorable results have been reported on the use of bone 
marrow in aplastic anemia. Large doses of yellow bone marrow are 
recommended for the treatment of benzol poisoning. 

Thrombin, Fibrinogen, and Fibrin. — The Harvard group next inad(^ 
a study of both thrombin and tibrin, constituents of plasma. These sub- 
stances were prepared as purified white powders. When thrombin and 
fibrinogen unite in solution, they coagulate and form fibrin. 

Starting with thrombin and fibrin, films, foams, and glues have been 
made to be used in surgery. For example, filwin is used as a substitute 
for an injured dura, the mendjrane that covers the brain. The fibrin 
film has been used with notable success to protect injured or destroyed 
membranes covering the brain. Surgeons wet the film and apply it 
closely over the wounde<l areas. Kventually the body replaces the blood 
fibrin film by its own membrane. 

Fibrin foam is an excellent substance to ajiply to bleeding area to 
cause blood clotting. It stops bleeding from oozing areas almost im- 
mediately. Whether the foam can be supplanted by ^ ^ Gel foam 
(absorbable gelatin sponge), prepared from gelatin or oxidized cellii 
lose, is difficult to say. 

Cellulose-Thrombin. Dr. Tracy Putman of Now York’s Neurological 
Center has used oxidized cellulose soaked in thrombin for delicate 
work in surgery. After operation the substance is completely absorbed 
by the body. 

Fibrin as a Glue. Fibrin is us<*ful in grafting skin to keep it in 
place, especially in areas about the nose and ears whore clos(‘ proximity 
is necessary. The surgeon merely sprays fibrin in the wounded area, 
then applies skin grafts in fibrin solution and fits them in place. 

Red Blood Cells. — Even the rod blood colls formerly discarded in 
the preparation of plasma an<l serum are now utilized. Dr. W. B. 
Cooksey of Detroit preserved red blood cells in salt solution. Jle then 
transfused them into anemic patients and found them as good as whole 
blood. Now re<l blood cells are used before and after surgery and to 
combat a number of diseases including arthritis and tuberculosis. 

The cellular components of bloo<l have received much study. Satis- 
factory metho<ls have been developed for the concentration and pres- 
ervation of unstable granulocytes and platelets. Considerable effort 
has been expended to develop suitable methods of preparation of the 
red cells. Red cell suspensions have two great advantages in the treat- 
ment of patients with anemia of all types except those due to acut(? 
blood loss or severe infection where there may be a deficit of plasma 
protein as well. First, they supply more hemoglobin with less of the 
osmotic activity and with less sodium, thus increasing the dose that 
can bo given safely. Secoml, the plasma which the patient does not 
need is saved. 

Red blood cells are now used successfully in treating infected wounds, 
burns, and ulcers. A pa.ste of red cells is applied to the open wound, 
and healing occurs in a remarkably short time. Now red blood cell 
preparations which keep indefinitely are available. 

Chemical fractionation of red cells has also be(*n accomplished. 
Preparations of hemoglobin in a relatively stable state liave been ac- 
c.omplished. Hcmoglol)in preparations tend to depress the renal func- 
tion in experimental aninuils; thus, caution must be exercised in its 
clinical use. 

A derivative of hemoglobin, modified globin, has been developed to 
act as a plasma protein substitute (Strumia, 1945). Further work is 
necessary before its place in therayjy can be evaluated. 
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Numerous uctive vnzymrii fuuiul in tho erythrocyte, such as catalase, 
(rholine esterase, hypertensinase, etc., are of interest and may pi’ove of 
therapeutic value. 

Bldod Substitutes 

SaIjINK NUiTTloNH. — Tliese an‘ (Mii[)loye<l intravenously or subcu 
l.aiieously to restore blood volume and Idood pressure in lieinorrhage, 
traumatic shock, burns, and <l(‘hy<lratio!i. In hemorrhage the temporary 
benefits are often striking, but sim*e the solutions do not stay in the 
vessels long, other treatment is indicated to save life. The following 
salines are commonly used tor replacing blood and supplying fluid. 

PRKI'ARATIONS 

Uiiiger’s Solution, JAquor Itingeri, U.S.I*. (Isotonic Solution of Three 
(Chlorides, U.S.P. Xll). Contains in each 100 cc. about 0.80 
Gin. of Na(^I, about 30 mg. of K(3 and about 33 mg. (d’ 
CaCL.2]L(). 

Isotonic Sodium Chloride Solution, lAqiior Sodii Chloridi Isotonicus, 
U.S.P. (Physiological Sodium Chloride Solution, Physiological 
Salt Solution, Normal Saline Solution). Sodium chloride (0.9) 
per cent in water. 

Lactated Ringer's Solution, JAquor llhitfi ri J.acticus, U.S.P. Each 100 
cc. contains cahdum chlori<le 20 mg., potassium chloride 30 mg., 
sodium chloride (500 mg., and sodium lactate 310 mg., in sterile 
distilled water. 

Otiu'r saline preparations tend to restore blood volume temporarily 
but are use<l chiefly for other purposes. Sodium Lactate Injection, 
U.S.P., is used to combat aci<losis of diabetes. It is not indicated in 
acidosis secondary to <*t)ngenital heart disease with cyanosis. Sodium 
bicarbonate may also be administere<l to correct a('idosis. Glucose solu 
tions are occasionally administered to relieve* edenna but more often to 
<*orrcct ketosis or disturban(*es in <*arl>ohydralt* metabolism. 

(\)iiiiOii)Aii Solutions. — Various colloidal preparations in isotonic 
.saline have been stmlied as po.ssibh* .agents for transfusions, (k)lloidal 
[ireparations leave the blood vessels slowly and by their osmotic pressure 
they tend to retain the injected fluid, and thus diminish diuresis, lymph 
filtration, and edemas. They tend to maintain blood volume longer than 
do the saline solutions. 1'he colloitlal pn*parations, however, tend to 
agglutinate red <*()rpu.scles, and large (jiuuititit*s are reported to inter 
fere with regeneration of plasma protein (W. Locke, 1944). 

Gelatin is used generally as a fl per cent solution for transfusion. 
Partial degradation by autO(d,aviiig renders it antigenic and less li.able 
to febrile reactions (Cournand et al., 1944). 

Pkctin is a complex carbohydrate derived from citru.s fruits. One 
thousand to 1,500 cc. of I per cent solution intravenously retain the 
)>lood pressuni moderately in .shock. It leaves the blood stream more 
rapidly than gelatin. It is nonaiitigenic and does not alter blood co* 
agulability. It is partially retained in the liver, kidmys, bone marrow, 
an<l spk^en and produces foreign body reactions and cellular degeneration 
(flueper, 1945). Plinicnl trials imlicate that it may be of value as a 
temporary agent for maintaining blood volume. 

Reports covering research done on nutritive, prophylactic, and 
therapeutic values of the apple suggest that pectin and the uronic acids, 
as found in the carbohydrates of the apple, together with vitamin A, 
are valuable substances in the promotion of normal cellular activity of 
the mucous membrane in the intestinal tract. The uronic acids also 
have definite value in the detoxification mechanism (I. A. Manville, 
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lfl36Y Pectin on hydrolysis releases arabinose, galactose, methyl 
Kol. anf“er 90 ^r cent galacturonic acid. Glycuronic ac.d, an 
isomer of galacturonic acid, has long been recognized as a chenmal 
detoxicant, for certain catabolic products and ingested poisons. The 
action of pectin is well described by Manville, Brad way and McMinis 
(1937) as follows: ^ . , 

‘‘The physico-chemical value of pectin may be summed up as fol- 
lows: (1) It possesses great absorptive capacity for bacteria and 
toxins; (2) because of its colloidal nature it is capable of taking up 
large quantities of fluid ; this provides bulk which helps to sweep out 
of the intestine harmful materials and to provide a normal stimulus 
for peristaltic activity; (3) by its buffer action it helps to maintain 
a constant reaction in the intestine; (4) it acts as a protective colloid 
to an inflamed and perhaps ulcerated intestinal mucosa.” 

Pectin-agar mixtures with dextrin and maltose are valuable for 
the treatment of diarrhea in infants. Pectin, 6.3 per cent, agar, 4.3 
per cent, and dextrimaltose, 89.4 per cent, are the ingredients of a 
preparation which lends well to the making of diets, particularly for 
infants. The whole effect of this formula may be summarized as fol- 
lows: (1) pectin retains any value it may have as a detoxicant, ad- 
sorbent, and healing agent; (2) it is in a vehicle which promptly con- 
trols the diarrhea; (3) the formula results in a high carbohydrate 
content; a well-tolerated food which tends to combat ketosis and vom- 
iting. 

Preparations 


Pectin, Pectinum, N.F. TJso<l for emulsifying cod liver oil and in the 
treatment of diarrhea. 

Pectin Paste, Pasta Pectini, N.F. Pectin (7.5%), glycerin (18%), 
benzoic acid (0.2%) in isotonic three chlorides solution. 

Thin Pectin Paste, Pasta Peetini Tenuis, N.F. Pectin (3.5%), glycerin 
(7%), benzoic acid (0.2%) in isotonic three chlorides solution. 

Polyvinyl Alcohol has been tried as a 4 per cent ('olloiilal solution 
and maintains blood pressure almost as well as blood transfusions. It 
is retained in the circulation about the same length of time as plasma 
proteins, and is not retained by the organs (N. W. Koome, 1944). 

Acacia or gum arabic as a 6 per cent solution was widely used in 
World War I. It leaves the blood stream slo\\ly, beginning soon tifter 
injection, being stored largely by the liver, and some by the spleen 
and kidney. It is believed to cause liver and kidney damage. Benefits 
from acacia are rather doubtful. Its use has been virtually abainloned. 

Dextran, a water-soluble, high molecular polysaccharide, is formed 
in solutions of sugar inoculated with a special bacterium, (irbnwall and 
Ingelman, 1945, believe this substance to be suitable for infusion fluids. 
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CHAPTER XXI 
BIOLOGICALS 
IV. HEMATINICS 

This chapter includes drugs that influence production of formed 
elements, agents that affect blood coagulation, and agents that 
modify the composition of blood in some manner. 

IRON AND IRON COMPOUNDS 

Iron (ferrum) is a metallic element occurring widely in nature, in 
both the animal and vegetable kingdoms, and in inorganic compounds. 
It occurs widely distributed in the body, being found in the chromatin 
of the cells, in the hemoglobin of the blood, and as a reserve in the 
blood-forming organs. Iron plays an important role in hemoglobin 
formation, oxygen transport, tissue respiration, blood-cell development, 
and hemochromogen synthesis. Deficiency of iron in the body is asso 
ciated with symptoms of anemia, low vitality, retarded growth, and 
decreased red cell content and hemoglobin. 

Two series of iron compounds exist: the ferrn.^t, usually greenish 
in color, and containing a relatively large proportion of the metal, 
and ferric, generally of a reddish-brown or yellow color. The follow- 
ing forms of iron salts are used in medicine: (1) metallic iron, (2) 
ferric salts, (3) ferrous salts, (4) inorganic salts, (5) organic salt.s. 
The soluble salts have an unpleasant taste, stain the teeth, and often 
cause stomach irritation, colic, and constipation. 

Pharmacological Action . — Absorption and Excretion. — Absorption of 
ingested iron, whether in inorganic or organic form, takes place chiefly 
from the duodenum. It is thought that in the stomach iron is changed 
to the chloride; next, it combines with protein to form albuminates; 
then entering the duodenum, it is either taken up by leucocytes or ab- 
sorbed in solution. It is probable that iron is reduced to the ferrous 
state before utilization is possible. The old theory that only “ or- 
ganic compounds of iron could be absorbed by the alimentary tract 
has been conclusively disproved. The amount permanently absorbed, 
however, is small, most of the iron ingested passing out with the 
stools and a large amount being reexcreted into the bowel after ab 
sorption. The iron absorbed may later be depo.sited in the liver and 
spleen, and iron has been found in bone marrow. 

Excretion of absorbed iron takes place slowly through the epithelium 
of the large intestine. A very small amount is excreted by the kidney. 
The total amount excreted daily by all channels is estimated at less 
than 0.0065 gram ffrain). 

Normal Iron Betention, Distribution^ and Sloraffe . — A positive iron 
balance is needed in growth, in pregnancy, after liemorrliage, for the 
formation of hemoglobin and cytochrome. If the intake exceeds the 
needs, iron is stored in bone marrow, blood, and muscle. Much of it is 
found loosely bound in the liver and red marrow, and in the .^spleen 
and kidneys. In this form it constitutes an important iron re.^erve 
which is drawn upon in hemorrhage. Its content is regulated by the 
amount absorbed rather than by excretion. 

Local Action . — Inorganic iron compounds, when taken orally, produce 
an astringent and irritating effect. Iron acts as an astringent and 
irritant by reacting with the tissue proteins to form a precipitate of 

G24 
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iron albuminate. If large doses are taken they produce nausea, vomit- 
ing, and general weakness, but no symptoms that might be referable to 
absorption of the iron in the general circulation. Prolonged use of 
iron may cause constipation ahd colic due to the constant astringent 
action on the stomach and bowel. The various forms of ‘‘organic'^ 
or undissociable iron, and the double salts of iron fail to precipitate 
tissue proteins, and therefore are nonastringent and are devoid of 
irritating properties. 

General Action. — Orally, iron fails to produce any evidence of general 
action. Excessive doses cause only gastrointestinal irritation, constipa- 
tion, and abdominal pain. 

Experimentation in animals has shown that the direct action of iron 
(injection of nonastringent double salts) is manifested by irritation 
of the nervous system, followed by paralysis. The heart and vessels 
are little affected. The gastrointestinal tract, however, is irritated; this 
is shown by a marked swelling and congestion of the mucous membranes 
of this canal. Vomiting may occur. The kidneys may show signs of 
irritation and congestion following the administration of small amounts 
of iron citrate. The respiration is at first elevated by intravenous admin- 
istration, then becomes slow and labored. Death follows from respira- 
tory paralysis. 

Hematopoietic Action . — How iron works in this condition is unknown. 
It is impossible to suppose that its value is simply a replacement or to 
supply iron for hemoglobin. The prompt response to large doses of iron 
in proper cases suggests that it has either a stimulating action on the 
marrow or an antagonistic effect on blood-destructive processes. 

Potentiation of Iron hy Copper . — Convincing evidence shows that the 
addition of copper may be of value in some instances of nutritional 
anemia in infants (Elvehjem et al., 1937; Usher et al., 1935). Simple 
nutritional anemias not responding to treatment may be aided by iron 
and copper therapy (Smith, 1936). 

Toxicology. — General intoxication from oral administration of iron 
preparations i.s rare (Hurst, 3931). At least four cases of homicidal 
poisoning are on record. Unfavorable results from the use of iron 
are usually gastrointestinal irritation, fullness in the head, and 
occasionally epistaxis or hemorrhage from the throat and lungs. 
Tachycardia, precordial discomfort, insomnia, and skin eruptions have 
been attributed to the use of iron. Serious acute poisoning, with such 
symptoms as pain and paralysis of the extremities, suppression of 
urine, and even convulsions, is not likely to occur unless iron is 
given intravenously, ns absorption from other routes is too slow to 
permit general toxic effects. 

Certain iron preparations are injurious to the teeth. Morganstern 
found that ferratin, iron albuminate, reduced iron, and a solution of 
the saccharato of iron and magnesium had no deleterious action, 
that ferric citrate exerted a mild caustic effect, and that ferrous 
sulfate, tincture of ferric chloride, and ferrous lactate caused a more 
or less marked decalcification and discoloration of the teeth. 

Death has been reported from a dose of ounces of the tincture 
of iron. A man, aged seventy-two, recovered from the effects of 3 
ounces of the tincture (Blyth, 1906). 

Treatment. — Administer emetics and lavage the stomach with bicar- 
bonates or carbonates. Soap or tannic acid may also be used as an 
antidote. Injury to the teeth may be avoided by employing noninjurious 
preparations or by ordering the solution to be taken through a glass 
tube, or, if a solid preparation, by prescribing it in capsules or gelatin 
coated pills. 
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Therapeutic Uses. — Administration. — Both organic and inorganic iron 
are absorbed, but inorganic iron preparations are more active therapeu- 
tically. Complex organic preparations are more expensive and may 
take longer to break down. Soluble ferric salts are more irritant ^d 
astringent; this makes the ferrous salt more valuable and suitable for 
clinical use. Keduced iron is insoluble and should be administered in 
capsules. Ferric ammonium citrate must be given in large doses 
and may cause stomach irritation. Ferric pyrophosphate is satisfac- 
tory for infants (Elvehjem, 1937). It is practically tasteless and not 
astringent. 

IVfost hematologists agree that the average daily dose of a prepara- 
tion of iron should correspond to 1 gram (15 grains) of metallic iron. 
The daily dose should bo administered in three portions; the initial 
dose should be a small one — 0.2 to 0.3 gram (3 to 5 grains) daily — 
and this amount should be increased until the full amount is admin- 
istered, or until the patient ^s tolerance is reached. 

Intravenous and intramuscular administration may be indicated to 
avoid stomach irritation or whenever oral use is contraindicated. 
Green iron and ammonium citrates were introduced to provide a suit- 
able preparation for intravenous and intramuscular use. Preparations 
may be obtained in sterile ampules. For administration of iron salts, 
see Table XXIX. 


T.\bi.k XXIX 


Iron Salts for Administration by Mouth 




DAILY DOSAOK 


salt 

ADULT 

CHILDREN 

INFANTS TO 

4 YR. 

t'errous sulfate 

Reduced iron 

Ferrous carbonate 
(Blaud^s pill) 

12 grains (0.8 
Gm.) 

45 grains (3.0 
Gm.) 

GO grains (4.0 
Gm.) 

10-12 grains 
(O.G-0.8. 

Gm.) 

6-8 grains (0.4- 
0.5 Gm.) 

Ferric ammonium 

90 grains (G.O 

GO-90 grains 

15-45 grains 

citrate 

Ferric pyrophos- 
phate 

Gm.) 

(4-6 Gm.) 

(1-3 Gm.) 

grains 
(0.15 Gm.) 

(From Beckman's Treatment in General Practice.) 



Iron Deficiency Anemia . — The iron-deficiency, hypochronic microcytic 
anemias are characterized by small pale red cells and a low color index. 
This condition may result from chronic blood loss, hookworm infesta- 
tion, excessive blood destruction, malignancy, defective iron absorption, 
or inadequate iron intake. The basic defect underlying such conditions 
is a lack of iron. The symptoms caused by iron deficiency anemias are 
weakness, dyspnea, anorexia, glo.ssitis, and sometim(*s indigestion and 
dysphagia. Treatment consists of iron therapy and removal of the cause 
of the deficiency anemia, if possible. 

Iron should always be given orally, unle.ss severe gastrointestinal 
disturbance renders sufficient absorption from the intestine impossible; 
then injection is justifiable. The chief cause of failure in the use 
of iron is inadequate dosage. Twenty to 30 grains of iron a day is 
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the minimum amount used at present. This would mean 30 Blaud's 
pills daily or 0.5 gram grains) of reduced iron three times daily, 
a total of 3.5 grams ( 22 V 2 graims). Ferric ammonium citrate is also 
a favorite form for administration. Dosage: 4 to 6 grams (60 to 90 
grains) daily. 

Ill treat nioiit of anemia: 

B 

Ferrous Carlioiiato Pills No. L. 

Sig.: Four to ten pills three times daily after meals. 

In treatment of anemia: 

B 

Ferric Ammonium Citrate 8.00 Gm. (3ij) 

Potassium ("itrate J6.00 Gm. (3iv) 

(’innamon Water GO.OO cc. (fSij) 

Orange Elixir q.s. a<l 120.00 cc. (fSiv) 

M. Sig.: Tabicspoonful in water after meals. 

For treatment of anemia in children (Elvehjem): 

B 

Ferric Pyrophosphate (Sol.) 10.00 Gm. (5iiss) 

Cupric Sulfate 0.18 Gm. (gr.iij) 

Alcohol 12.00 cc. (fSiij) 

Cinnamon Water 250.00 cc. (fjviij) 

M. Sig.: One teaspoonful in milk or fruit juice. 

Hemokriiaqe. — In hemorrhage iron is indicated. Ferrous carbonates, 
in the form of Blaud\s pills, aid recovery from anemia caused by re- 
peated hemorrhages. In hemorrhages the improvement under iron 
therapy is slow, and large quantities of iron compounds must be given. 
The condition responds slowly, as the formed red cell is incapable of 
.synthesizing hemoglobin and the increa.se must come from newly 
formed red cells. In severe bleeding infusion is usually indicated. 
Hemophiliacs, who appear to have an accelerated rate of blood pro- 
duction, are often helped by iron administration. 

As Styptii’S. — Solutions of ferric iron, because of their strong astrin- 
gent properties, are used externally as styptics. Ferric solutions may 
be used for their astringent elTects internally, and as gargles. MonsePs 
solution (Liquor Ferri Subsulfatis) and the official aqueous solution of 
ferric chloride (Liquor Ferri Chloridi) are the preparations of choice. 
In gastric hemorrhage, 0.00 to 0.03 cc. (1 to 5 minims) of MonsePs 
solution in ice water, and repeated as required, will sometimes give re- 
lief. In epistaxis, a weak dilution of MonsePs solution (1:50) may be 
us<mI in tin* form of a spray or to moisten cotton pledgets. 

In Pregnancy and in Infancy. — Routine administration of iron is 
indicated in pregnancy (Corrigan and Strauss, 1936). Routine admin- 
istration of iron in infancy is advised by many pediatricians. 

Other Uses. — In chronic nephritis, iron in the form of Basham 
mixture, Iron and Ammonium Acetate Solution, 8 to 36 cc. (2 to 4 
rtuidrachms), three or four times daily, has been used. It is used only 
for treating the anemia. A dilute solution of Ferric Sulfate and a 
mixture of Magnesium Oxide, in 120 cc. (4 fluidounces) dosage, is 
thought to be of value as an antidote in arsenic poisoning. Various 
iron preparations are used as ionics. Iron is also indicated in such 
conditions as ulcerative colitis, Addison \s disease, Banti ’s disease, 
erysipelas, lichen planus, scurvy, sprue, and typhoid fever. 
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In treatment of tonsillitis, etc.: 

3 

Potassium Chlorate . ‘S.UU Gm. (3ij) 

Ferric Chlorate Tincture 12.00 cc. (fSiij) 

Sulfuric Acid 15.00 cc. (fSiv) 

Glycerin 24.00 cc. (f3vj) 

Distilled Water q.s. ad 180.00 cc. (fSvj) 

M. Sig. : Tablespoonful in water every four hours. 

Preparations 

Ferrous Carbonate Mass, Massa Ferri Carhonati.^, N.F. Contains 

FeCO, (39%) with sugar and honey. Dosage: 0.6 Qm. (10 grains). 
Ferrous Carbonate Pills, Filulae Ferri Carhonatis, N.F. Fach pill 

contains FeCO*, 0.06 Gm, (1 grain). Dosage: 5 pills. Piluln 
Ferri Carbonatis, B.P., 0.3-2 Gm. (5-30 grains). 

Ferric Chloride Tincture, Tinctura Ferri Chloridi, N.F. Ferri<* 
chloride (about 13%) corresponding to not less than 4.5 per cent 
of iron. Dosage: 0.6 cc. (10 minims). 

Ferric Ammonium Citrate, Ferri Ammonii Citras, U.S.P. (Iron and 
Ammonium Citrates, U.S.P. XII). Iron citrate rendered more 
readily soluble? by the presence of ammonium citrate, ("ontains 
about 17 per cent of iron. Dosage: 1 Gm. (15 grains). Ferri 
et Ammonii Citras, B.P. Dosage: 5-15 grains. 

Ferric Ammonium Citrate Capsules, Capsulae Ferri et ^immonii ('it rat is, 
U.S.P. (Iron and Ammonium Citrates Capsules, U.S.P. XIl). 
Usual size contains 0.5 Gm. 

Green Ferric Ammonium Citrate, Ferri Ammonii Citras Viridis, N.F. 
Equivalent to about 1.5 per cent iron. 

Ferrous Iodide Syrup, Syrujms Ferri lodidi, N.F. F(‘rrous iodide 
(Fel,) (about 7%). Dosage: 1 cc. (15 minims). B.P., 5 per 
cent of Felj, 2-8 mils. (30-120 mins.). 

Ferrous Sulfate, Ferri Sulfas, U.S.P. (Iron Sulfate). Dosage: 0.3 Gm. 

(5 grains). Ferri Sulphas, B.P. Dosage: 1-5 grains. 

Ferrous Sulfate Tablets, Tabellae Ferri Sul fat is, U.S.P. Usual size 
contains 0.3 Gm. 

Ferric Subsulfate Solution, Liquor Ferri Subsulfatis, N.F. (Monsel’s 
Solution). Dosage: Use undiluted. 

Reduced Iron, Ferrum Bcductum, N.F., Metallic iron, Fe (not less than 
90 per cent), obtained by reduction of iron oxide by hydrogen. 
Dosage: 0.5 Gm. (71^ grains). 

LIVBB AND STOMACH PREPARATIONS 

Investigations have demonstrated striking effects from the feeding 
of liver and stomach preparations in hyperchrornic, macrocytic anemias, 
formerly called primary anemias. 

Mode Of Action. — It is now generally agreed that at least four 
factors are involved in the formation and utilization of the anti- 
anemic principle. These factors are: 1. An Extrinsic Factor . — 
Castle (1929) showed that there is a factor in food which supplies the 
necessary medium with which the gastric juice reacts to form the pre- 
cursor of the liver principle. The extrinsic factor has been found in 
beef, liver, yeast, wheat germ and, to a lesser extent, in eggs, milk, and 
tomatoes. It is heat stable, water-soluble, and is extractable from 
beef or yeast by 65 to 80 per cent alcohol. It is not one or any com- 
bination of the known crystalline vitamins. 

2. The Intrinsic Factor, — This substance is present in gastric mucosa 
and secreted in the gastric juice. Castle and his associates showed 



BIOIX>GlCAUS 


62 !) 


thftt in pernicious nnemia there is an inability of the gastric mucosa to 
secrete this substance. Wilkinson and his co-workers (1938) gave 
final proof of the presence of this factor. They found that an anti- 
ancmic substance effective in pernicious anemia was obtained by the in- 
cubation of normal human stomachs with beef muscle, but that no such 
substance appeared in stomachs obtained from patients with pernicious 
anemia. The intrinsic factor in normal gastric juice is heat labile, as are 
many enzymes. It is destroyed by peptic digestion and is not pepsin, 
pepsinogen, rennin, or hydrochloric acid. 

3. Interaction Between Extrinsic and Intrinsic Factors, — Both of the 
factors are inactive when administered alone but when given together 
they are highly effective. It is thought that they form an antianemic 
substance which is absorbed by the intestine. The substance is then 
carried to the liver, where it is stored and probably further elaborated. 

4. Use of Antianemic Principle. — The hemopoietic organs utilize the 
antianemic principle which is stored in the liver for use in building 
normal blood cells. In pernicious anemia it is thought that the fault 
lies in the lack of formation of antianemic principle rather than any 
disturbance in its release or utilization by the bone marrow. It is ap- 
parent that the liver principle is essential for all the hemopoietic func- 
tions of the bone marrow. 

Absorption and Excretion. — The antianemic principle of liver and 
stomach preparations is absorbed from the intestinal tract, rectum and 
following subcutaneous administration. There is a limited absorption 
in the intestine, as thirty to fifty times as much liver extract must be 
given orally as intramuscularly to obtain similar clinical results. Be- 
sides being stored in the liver it is also stored in the placenta and is 
capable of passing to the fetus. It is quite probable that excretion 
occurs through the kidneys. 

To avoid the inconvenience of giving large amounts of liver, in- 
vestigators have searched for effective concentrates. The work of 
Minot and Murphy, and of Koessler and Mauer, has demonstrated the 
value of such concentrates. Other investigators have shown that 
stomach tissues of animals contain a principle capable of stimulating 
the bone marrow to form immature blood cells (reticulocytes) after 
its oral administration. 

Therapeutic Uses. — Liver and stomach preparations are used in 
the treatment of anemias in which there is defective formation and 
maturation of red cells. The most important are pernicious anemia, in 
which there is a lack of cell formation, and tropical sprue, in which 
there is impaired absorption and probably lack of an extrinsic or hor- 
mone factor. Other conditions characterized by anemia and respond- 
ing at times to liver therapy include pellagra, macrocytic tropical 
anemia, fish tapeworm anemia and other anemias somewhat resembling 
pernicious anemia. Uver therapy has been reported to cause improve- 
ment in certain ca.ses of atrophic gastritis unassociated with pernicious 
anemia. 

Pernicious anemia and nutritional macrocytic anemia are the most 
common macrocytic anemias. The blood and bone marrow findings are 
the same. Nutritional macrocytic anemia differs from pernicious 
anemia in that there is free hydrochloric acid in the gastric secretion; a 
history of animal protein deficiency in the diet; long standing diarrhea; 
and in many cases mild or severe exacerbation of pellagra, beriberi, or 
riboflavin deficiency. 

Pernicious Anemia m the most important form of primary anemia. 
The symptoms include glossitis, achlorhydria, icterus, and, occasionally, 
combined sclerosis of the spinal cord. 

Treatment consists primarily of the administration of liver extracts. 
If the patient desires an abundant amount of liver in the diet, it is 
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helpful, although ordinarily reliance is placed largely on concentrated 
liver preparations. 

In severe cases of pernicious anemia, Liver Injection, U.S.P., should 
be given parenterally as absorption is certain and maximal elTc'cts are 
the rule. Administer 15 U.S.P. Units intramuscularly, daily, for three 
to seven days. Then administer 15 units weekly for three or four weeks, 
then only every three or four weeks. Naturally, the dosage should be 
augmented to the m*eds of the patient, and the red cell coiuit should 
never be allowed to fall below the normal value. 

If parenteral administration is contraindicated, oral ailininisrration 
may be used, except possibly in cases with nervous system involvement. 
In the average cases of pernicious anemia 200 to 400 Grn. daily may be 
adequate. Preparations of powdered stomach may also be used. 

Folic acid may be used in this condition. See following paragraphs. 

pRKl’ARATlOXS 

Liver Extract, Extravium JUpatis, U.S.P. (Dry Liv(*r Extract). 
Domyt: One U.S.P. unit. 

Liver Injection, Injectio IlepatiSy U.S.P. (Liv(‘r Extract for Parenteral 
Use). Dosage: Intramuscular, 1 U.S.P. unit daily. 

Liver Solution, JAquor Ilepatis, U.S.P. (Liquid Liver Extract). Alco- 
holic content about 19 per cent; glycerin, not more than 40 per 
cent. Dosage: One U.S.P. unit. 

Powdered Stomach, Stomachus Pufveratus, U.S.P. (Dried Stomach). 
Dried and powdered defatted wall of the stomach of a hog. 
Dosage: One U.S.P. unit daily. 

Liver with Stomach, Hepar cum Stomacho, TT.S.P. A mixture' of mam- 
malian liver with fresh h<ig stomach tissue'. Dosage: I U.S.P. 
unit. 

VentricuUn, N.N.R. This is tested clinically for potency and given 
in doses of 20 to 40 Grn. daily, for initial treatment, and about 
one-half the do.se for maintenance. One gram of the dried ma- 
terial is equivalent to 7 Gin. of the fresh tissue. I^ir oral use. 
Exfralin, N.N.R. A concentrate from liver and stomach. For oral use. 


rOLIC (PTEROYLGLUTAMIC) ACID 


Folic acid is a constituent of the H vitamin complex, which has been 
crystallized and synthesized (Angier, 1946). The therapeutically active 
form of synthetic folic acid on the market is pteridyl para-amino- 
benzoyl-glutamic acid. 

Folic acid has antianemic actions closely resembling those of liver, 
but not quite identical. Its advantages lie in its clieapness, its ef- 
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fcctiveness by mouth, and the apprcnt noudevelopmeiit of sensitivity 
to it. The relationship of the two is not fully understood. The activity 
of liver is much greater than it;s pteroylglutamic acid content. Pteroyl- 
glutamic acid is, furthermore, equally potent by mouth and by injec- 
tion and can be tolerated by persons who are sensitive to liver extract. 
Folic acid does not appear to lie as effective as liver in the treatment of 
the neuralgic complications in pernicious anemia. It is evidently not 
the extrinsic factor’’ of Castle since it is effective parenterally in low 
dosage and also in cases in wliich tln^ intrinsic factor is absent. 

Action and Uses. — Folic acid is effective in bringing about a re- 
sponse of the blood similar to that obtained with liver extract in 
pernicious anemia, sprue, and nutritional macrocytic anemia. 

Folic acid controls the diarrhea of sprue, but apparently does 
not prev^ent or cause improvement in spinal cord lesions in pernicious 
anemia; the latter comlitions arc helped by liver extract. Thus, 
folic acid may be considered only an adjunct to liver therapy in 
the treatment of pernieioiis anemia. lUmufc: Administer 5 to 10 
mg. daily by mouth. Tt may b(‘ a<lministere(l intramuscularly but this 
route iji ordinary cases is of no a<lvantage. 


BLOOD ANTICOAGULANTS 
Heparin and Dicoumarin 


Hep AH IX 


Heparin is a purified liver extract, discovered by McLean (191(5), a 
fujpil of Howell, which prevents coagulation of blood. This observation 
suggested its use in the treatment and prophylaxis of postoperative 
thrombotic phenomena. As the result of extensive investigations by 
Best (19d3), Jorpos (1935), and others, the heparins have been sepa- 
rated and studied. Structural formulas for heparin and dicoumarin arc 
here shown; 
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Phanuacological Action. — Heparin may be important in the body 
for maintaining the blood in the fluid state, although direct proof for 
such action is lacking. Staining reactions (given by toluidine blue 
on mucoitin-sulfuric and chondroitin-sulfuric acids) indicate that the 
content of crude heparin, mast cells, and ester sulfates of various 
tissues runs parallel to each other. This would indicate that the mast 
cells produce and secrete heparin. 

Mode of Action. — For the role of heparin and the relationship of 
the other factors in blood coagulation, according to HowelFs theory 
(1918), see diagram discussed under Thromboplastic Substances. Sev- 
eral authors deny the first phase action of heparin. Quick (1936) could 
demonstrate no antithrombin activity on the part of heparin. In the 
presence of serum, however, Brinkhous and co-workers (1939) showed 
that heparin prevented the activation of prothrombin to thrombin. 

Heparin prolongs the coagulation time of blood. This is proportional 
with the quantity in the circulating blood. The action starts at once 
and is of short duration, due to rapid enzymatic inactivation. See 
Table XXX. 

The contrasting characteristics of dicoumarin and heparin are given 
us by Prandoni and Wright (1942) in Table XXX. 

Therapeutic Uses. — It was demonstrated by Best and his collabo- 
rators at Toronto that heparin greatly inhibits the formation of 
thrombi produced in animals by mechanical or chemical trauma to the 
intima of large exposed veins. These and similar experiments have 
stimulated the use of pure heparin in clinical cases of thrombosis 
and remarkable results have been reported (Jorpes, 1931, Murray, 
1940). Heparin has been employed postoperatively with a high de- 
gree of success; pulmonary embolism or thrombophlebitis was not 
observed in instances in which these complications might ordinarily 
be expected. Swedish clinics (Jorpes, 1939) report striking results in 
the use of heparin in the treatment of thrombosis of the central vein 
of the retina and in vascular surgery. 

Heparin has been employed successfully in blood transfusions. It 
may be substituted for citrate, may be used in solution in syringes 
and tubing, or for heparinization of the donor. See reports of Hedenuis 
(1936), 8appington (1939) and others. Reports indicate that heparin 
may be of value in the treatment of subacute bacterial endocarditis. 
It is administered in an attempt to prevent further thrombotic dep- 
osition of fibrin and platelets on the surfaces of the valves of the 
heart. Heparin combined with the sulfa drugs offers some promise in 
this disease. 

Administration. — There are essentially only two methods that are 
useful in treating hospital patients. (1) The continuous intravenous 
drip method and (2) the injection of heparin solutions every two or 
three hours. Crafoord (1941) treats most of his patients by this latter 
method, giving about 50 mg. (approx. 5,000 units) every two hours, 
for four to five days postoperatively. By this method the clotting time 
is raised quickly from a normal of four or five minutes to from fifteen 
to twenty-eight minutes. Two hours after the injection the clotting 
time has usually returned to normal. 

In this country and Canada the following plan is usually employed: 
Just before continuous administration of heparin solution the patient 
is given 5 cc. of undiluted heparin solution, i.e., about 5,000 units, 
intravenously. This amount of heparin will quickly raise the clotting 
time to fifteen or twenty minutes. Then diluted heparin solution is 
given the patient by continuous intravenous drip at from fifteen to 
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Table XXX 


Contrasting Characteristics of Dicoumarin and Heparin* 



DICOUMARIN 

HEPARIN 

Chemical classification 

3,3'-Methylene-hw- (4- 
liyd roxycoumarin ) 

Mucoitin polysulfuric 
acid 

Preparation 

1. Extraction from 
spoiled sweet clover 
hay 

2. Synthesis 

Extraction from blood, 
liver, lung, and oth- 
er tissues 

Commercially, it is pre- 
pared from lung and 
liver 

Kffect manifested by 

1. 1‘rolongation of pro- 
thrombin and coagu- 
lation times 

1. Inhibition of plate- 
let agglutination 

2. Prolongation of co- 
agulation time 

Ktfect antagonized by 

1. Fresh whole blood 

1. Trypsin 

2. Thrombokinase 

3. Snake venom 

4. Salmine sulfuric acid 

Dose 

1 

1 

Variable (approximate- 
ly 300 mg. on alter- 
nate days in recent 
cases has proved sat- 
isfactory) 

Variable (approximate- 
ly 20-mg.Ag.) 

Metliod of admini.stra- 
tion 

1. Oral 

2. Intravenous 

Intravenous (continu- 
ous drip, multiple di 
vided dose) 

Initial response occurs 

24-72 hours 

Immediately 

Duration of effect 

2-20 days; average 11.2 
days 

1-4 hours 

Hemorrhagic manifes- 
tations 

Ihirpura, ecchymoses, 
hematuria, gingival 
hemorrhage, epistax- 
is, conjunctival hem- 
orrhage 

Hematomas, hematuria, 
cerebral hemorrhage 

Hemorrhagic tendency 
controlled by 

Transfusions of fresh 
whole blood or plas- 
ma 

1. Salmine sulfuric acid 

2. Blood transfusion 


•Fleprinted from Bull. New York Aca<l. MeO. 18: 433. 1042. 


twenty-five drops per minute. The patient usually requires from 1,000 
to 1,500 units per hour the first or second day, after which 500 to 1,000 
units per hour are sufficient. The clotting time should be checked 
at least three times daily. Toluidiiie l)lue may bo used to stop the 
bleeding teiideiiev in a j)atient given too much he]>arin (Holoubek, 
1949). 

Units and Dosage. — The original Howell unit is the amount of 
heparin which will prevent the clotting of 1 cc. of cat’s blood foi 
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twenty-four hours when kept at 0® C. Murray and Best later pro- 
posed as a unit the equivalent of ^oo crystalline barium salt 

of heparin. The required dosage for heparin varies considerably with 
each patient. An average dose may be approximately 750 to 1,000 
units (Toronto preparation) per hour. Toxic reactions were common 
with earlier preparations of heparin, but the purified heparin that is 
available at the present time is nontoxic when given intravenously. 

Dicoumarin 

A most interesting development in the field of biologic research has 
been the recognition, isolation, and finally, synthesis of the substance 
causing hemorrhagic sweet clover disease in cattle, dicoumarin, (3,3'- 
methylene>ht5-4-hydroxycoumarin). Schofield (1922) and Eoderick 
(1931) studied and quite accurately analyzed the factors responsible for 
this phenomena in cattle and rabbits. In a series of brilliant reports, 
beginning in 1940, Campbell and Link and their co-workers established 
that the hemorrhagic agent was a dicoumarin and succeeded in isolating, 
crystallizing, and synthesizing the active substance. Meyer, Bingham 
and Pohle (1941) presented the first report on the action of dicoumarin 
in man. Other workers including Allen, Barker and Waugh (1942) ; 
Wright and Prandoni (1942); Bollman and Preston (1042), and others, 
have contributed valuable investigations toward the clinical use of di- 
coumarin. It must, however, be borne in mind tliat the therapeutic value 
of dicoumarin lias not yet been clearly established. At present, how- 
ever, three advantages over heparin are apparent: (1) elTective orally, 
(2) prolonged action, and (3) cheapness. It appears likely that the 
use of dicoumarin may well replace the clinical use of heparin and 
probably may have even certain advantages over heparin. 

Like heparin, dicoumarin is capable of greatly reducing the incidence 
and degree of experimental thrombus formation (Meyer et al., 1942). 
Experimental animals receiving the drug showed some histologic signs 
of damage to liver parenchyma. However, liver function tests (glucose 
tolerance and B.S.P. retention) failed to show any change in liver 
activity. 

Unlike heparin, dicoumarin prevents coagulation in vivo, but not in 
vitro. Also, its action is not rnanifeste<l until at least twenty-four hours 
after administration. (See Table XXX.) A considerable period of 
time intervenes between the cessation of dicoumarin medication and the 
return of the normal coagulability of the blood, whereas in heparin 
therapy the response is almost immediate. 

Although most of the study done on dicoumarin has been devoted to 
the mechanism and pharmacological action of dicoumarin, it is expected 
that much of the future work will be primarily upon therapeutic con- 
siderations. 

Certain salient facts concerning dicoumarin arc listed: 

1. Dicoumarin should be administered only when guided by repeated 
calculations of prothrombin time. 

2. The effect on prothrombin time is proportional to amount of di- 
coumarin administered. Individual variations are found. 

3. The oral administration prolongs prothrombin time, impairs clot 
retraction, and increases the sedimentation rate of erythrocytes. 

4. Synthetic vitamin K has little or no effect on prolongation of pro- 
thrombin time resulting from dicoumarin. 

5. The danger of hemorrhage from dicoumarin therapy serves as a 
constant emphasis for care in its use. 
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6. The action of heparin is not prolonged when given to dicoumarin- 
ized animals and heparin is not involved in the action of dicoumarin. 

7. Sulfathiazole therapy h^s no effect on the effectiveness of di- 
coumarin. 

8. Dicoumarin in proper dosage is apparently nontoxic. 

Dicoumarin Therapy. — Dicoumarin may be administered by mouth 

or intravenously. Various plans have been found effective. Wright and 
Prandoni found the following dosage plan useful : 

Dosage :S00 mg. on first day 

200 mg. on second day 

200 mg. on each following day on which prothrombin time 
is less than thirty-five seconds. Check prothrombin time (see 
Bedside Test’’ under vitamin K) every twenty- four hours. 
Response to first dose may be expected in twenty-four to 
forty-eight hours. After discontinuing dicoumarin, the pro- 
thrombin time may be prolonged from two days to two or 
three weeks, depending on the dosage. Its effect shonld be 
maintained for at least four weeks. 

Heparin and dicoumarin may be administered together when both 
quick and prolonged action are desired. The use of heparin may be 
discontinued wdien the prothrombin time has been satisfactorily pro- 
longed by dicoumarin. The combination of these two drugs produces 
no incompatibility. Constant emphasis must be placed on the danger of 
hemorrhage. In case of h(*morrhage inject 65 mg. of menadione sodium 
bisulfite. Transfusions of fresh whole blood or plasma may be indi- 
cated. 

Indications for Dicoumarin: 

1. Dicoumarin is valuable in the treatment of thrombosis and emho- 
lism. Its effect should be maintained for at least four weeks. 

2. Dicoumarin may be used for the treatment of all cases for whi<?h 
heparin is advocated. 

Contraindications : 

1. Dicoumarin should be used with caution, or not at all, in cases as- 
sociated with ulcerating lesions. 

2. Dicoumarin should not be used in bleeding patients. 

3. It should not be used in cases in which the prothrombin time is 
already prolonged (vitamin K deficiency). 

4. Subacute bacterial endocarditis, renal and hepatic insufficiency. 

BLOOD COAGULANTS 

Agents w'hich promote blood coagulation include vitamin K, thrombin 
and thromboplastic tissue extracts, and many more. Toluidine blue 
and protamine sulfate are useful in certain types of bleeding. 

Vitamin K preparations prevent hemorrhages by raising the pro- 
thrombin level of the blood. For discusion see chapter on Vitamins. 

Thrombin is prepared commercially from bovine plasma, by the con- 
version of prothrombin with thromboplastin. It is used as a hemostatic 
for topical application to control bleeding in operative procedures. It 
may be applied as a dry powder or in isotonic, saline solution. Do not 
inject, 

Thromboplastic Substances, — Preparations containing thromboplastin 
were originally prepared by Howell by extracting ox brain. They are 
believed to be composed of a protein and a phospholipid. VThen applied 
to oozing surfaces they tend to prevent bleeding. They should not be 
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injected, Thromboplastic substances are not used extensively in surgery. 
Brain Lipoid, N.N.K., is an extract of ox brain for local application to 
oozing surfaces. Solution Brain Kxtract, N.N.K., is an extract of 
cattle brain in isotonic solution of sodium chloride prepared for local 
application to prevent bleeding. 

Toluidine Blue. — The us<^ of toluidiue blin* as an aid in controlling 
the general tendency to bleed in thrombocytopenia was suggested by 
Allen in 1947. More recently Iloloubek et al. (1949) reported toluidine 
blue as a valuable adjunct in the treatment of petechial blecnling. Doses 
varying from 1 to 3 mg. of toluidine blue were a<lministered daily. 

It was felt that the action of toluidine blue or protamine sulfate 
was due to the ability of these substances to render heparin inactive. 
The so-called antiheparin drugs, i.e., toluidine blue, protamine sulfate, 
are valuable drugs in the treatment of petechial blee<ling with throinbo- 
penia in properly selected cases. They are also useful antidotes for 
patients given too much heparin. 

SCLEROSING AGENTS 

Sclerosing agents are used to produce thrombosis and obliteration of 
veins, especially varicose veins and hemorrhoids. Solutions of ethyl 
alcohol, invert sugar, iodides, iron salts, mercuric chloride, phenol, 
quinine and urea, quinine and urethan hydrochloride, sodium morrhu- 
ate, sodium citrate, and others have been employed. Quinine and 
urethane and sodium morrhuate will be described. 

Sodium Morrhuate 

♦Sodium morrhuate is used extensively for sclerosing purposes. 
A sterile solution of the sodium salts of tin* fatty acids of coil liver 
oil is injected intravenously to cau.se sclerosi.s, thrombosis, and oblitera- 
tion of veins. 

Varicose F6’tn5.--8mall isolated vari<‘osities may be thrombosed by 
injection of 0.5 cc. of 5 per cent sodium morrhuate solution. More 
extensive involvement requires ligation of the greater saphenous vein 
at the saphenofeinoral junction, and injection of 0.5 to .3 cc. of sodium 
morrhuate into the distal end of the vein. Tt causes little pain on 
injection. Most ('ouncil-accepted preparations (1947) contain 2 or 3 per 
<*ent of benzyl alcohol as a local anesthetic. 

Quinine Dehydrochloride and Urethane 

A mixture of quinine dehydrochloride and urethane in aqueous solu- 
tion is used as a sclerosing agent. The initial injection should be lim- 
ite<l to 0.5 cc. to test for hypersensitivity. The average amount of in- 
jection at any one site is 1 cc. and should not exceed 2 cc. of Quinine 
and Urethane Injection, U.S.P. Make injection slowly. Tt should not 
be employeil during menstruation, pregnancy, nor in the presence of 
heart disease, nephritis, diabetes, upper respiratory infection, or toxic 
tonsilliti.s. It is contraindicated in the presence of phlebitis, suppura- 
tive ulceration, and incompetence of deep veins. 

Preparations 

Sodium Morrhuate Injection, Injectio Sodii Morrhualis^ IJ.S.P. Dosage: 
To be determined by the physician according to the needs of the 
patient (U.S.P.). 
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Quinine and Urethane Injection, Injectio Quininae et Urethani, U.S.P. 
(Quinine Ilytlrochlorido and Ethyl Carbamate Injection, U.S.P. 
XII). A sterile sohitioiiMn water for injection of approximately 
two parts quinine hydrochloride and one part urethane. The 
usual size contains 0,25 Gm. quinine hydrochloride and 0.12 
Gm, urethane in 2 cc. 

PENTNUCLEOTIDE 

I'entiuicleotide, N.N.R., is the sodium salts of pcMito.se nucleotides 
from ribonucleic acid of yeast. It is indicated in infectious conditions 
lUM’ompanied by leukopenia or neutropenia such as agranulocytosis. 

Agranulocytosis . — The continued administration of certain drugs 
( aminopyrine, acetanili<l, dinitroplienol, cincliophen, and many more) 
may result in a <lecrease in the number of white blood cells, especially 
those of the granulocyte series. Fever, prostration, and secondary in fee 
tiou are seen clinically. Some clinicians (Fisher, et ah, 1946) recommend 
10 cc. intramuscularly every six hours. Agranulocytosis in patients seen 
by Timmes (1946) in Nagasaki, following discharge of the atom 
bomb, were given .‘1 cc. dosages three times daily and it was reported 
that a rise in white blood cells appeared in twenty-four hours. In 
general, Pentnucleoti<le is used mostly with uncertain results in this 
condition. 

The successful employment of penicillin and streptomycin should 
not be lost sight of. They are the drugs of choice. See Penicillin and 
Streptomycin. 

RADIATION THERAPY 

Radiation tiierapy was introdu<*e<l about a half century ago for the 
treatment of blood dyscrasias. It has definite value in such conditions 
as polycythemia vera, chronic leukemias, lymphosarcoma, Hodgkin’s 
disease, multiple myeloma, and other conditions. 

In polycythemia vera roentgen irradiation of the long bones, or the 
whole body, is effective in decreasing the red cell count, as the de- 
[iressed bone marrow produces fewer cells. Effective irradiation may 
also be furnished by intravenous injection of radioactive phosphorus. 

The effects of radiation therapy are only palliative, mainly relieving 
pain and pressure symptoms. The treatment nniy be given at frequent 
short intervals, or intensive treatment may be initiated. The whole 
blood cell count must be followe<l carefully since leukopenia may result 
from exet'ssive treatment. Toxic symptoms may result from radiation 
therapy including anorexia, nau.sea, and vomiting. E\c(*ssive doses 
may cause severe hemorrhages. 

RADIOACTIVE PHOSPHORUS 

Lawrence, et til., 1939, introduced radioactive phosphorus for the 
treatment of blood diseases. It may be administered orally or intra- 
venously, preferably the latter. Following administration it is con- 
<*entrate<l in rapidly growing tissues, especially those high in phosphorus 
content. 

Radioactive phosphorus is possibly the treatment of choice for poly 
cythemia vera. It slows the rale of re«l cell formation and improves 
the patient physically. The usual single dose of P. 32 is one millicuric; 
a course of treatment is usually three to seven such doses. In poly- 
cythemia vera, up to 15 millicuries may be indicated. Its use, however, 
is only palliative, as it does not cure the condition. 
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Radioactive phosphorus does not cause radiation sickness. Its use 
is relatively free from long-range harmful effects. Leukopenia, 
thrombocytopenia, and anemia may follow its use, due to depressant 
action on bone marrow. Its penetrating powers are limited, yet for all 
practical purposes its action is of sufficient duration. 

Radioactive phosphorus is also useful in chronic myelogenous leu- 
kemia. It may be combined with radiation therapy or arsenic 
treatment if pressure symptoms are severe. 

PHENYIiHYDRAZINE 

Phenylhydrazine, GbHa.NH.NHsHCl, is employed against poly- 
cythemia vera because of its destructive action on red blood cells. 

In polycythemia vera phenjdhydrazine or acetyl phenylhydrazine, 
0.1 Gm. daily, is administered by mouth in capsules until the hemo- 
globin falls below 100 per cent, a further decrease being expected 
after stopping the drugs. A total dose during any one period should 
not exceed 2.0 Gm. 

The effect of phenylhydrazine is due largely to a widespread red 
cell hemolysis. Satisfactory response is obtained in about 50 per 
cent of the cases of polycythemia vera. It becomes manifest, after 
several days, with a rise of leukocytes to 50,000 or more, followed by 
a decline of hemoglobin and erythro<*ytes. Other symptoms gradu- 
ally disappear. There may be some bone marrow depression. Liver 
damage may follow’ the Uvse of this drug. Treatment with phenyl- 
hydrazine is more dangerous than x-ray irradiation. 

URETHANE 

Urethane (ethyl carbamate) has recently been used in the treatment 
of leukemia. One to four grams of urethane are given orally. There 
is a fall in total white count, diminution in size of the spleen and 
enlarged lymph nodes, and a rise in hemoglobin. Its use may be at- 
tended by a slight toxicity including drowsiness and ga.strointestinal 
upset. The therapeutic action may be associated with its inhibitory 
effect on mitosis which has been <lemonstrate<l with plant and animal 
cells. 

Creskoff (1948) and his co-workers found urethane of definite but 
limited value in the treatment of chronic leukemia. Chronic myelogenous 
leukemia appeared more responsive than the lymphatic variety. These 
investigators used an average daily dose of 4 Gni. orally or intra- 
venously. 


ARSENIC 

The ability of inorganic arsenic to lower the leukocyte count in 
chronic myeloid leukemia has been known for years. Arsenic is claimed 
to bo as effective as x-ray, but its use is not common where the latter 
is available. Furthermore, it is less desirable as all white cells may 
be killed, while x-ray tends to kill only the young cells in the marrow. 
Arsenic may be administered as a solution of potassium arsenite, 0.2 
cc, three times a day, after meals in fruit juice. Increase this dose by 
1 drop a day until 0.6 cc. to 0.8 cc., three times a day, are given. When 
the white count is normal, administer a maintenance dose equal to the 
initial dose, by decreasing the dose 1 drop a day. Continue treatment 
indefinitely. 
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NITROGEN MUSTARDS 

There has been considerable interest recently in the nitrogen 
mustards, which are relatives of mustard gas, in the treatment of 
leukemias. 


OH.,— OHn— Cl 
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cHj— cir,— (1 
Bis (^-chloroethyl) Hulfide 
(Mustard) 
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\ 

(Ml— Cl la— Cl 

Methyl'bis (y9-chloroethyl) Amine 
(A Nitrogen Mustard) 


The compound most thoroughly studied is methyl-bw (^-chloro- 
ethyl) amino hydrochloride, which is given in a dose of 0.1 mg. per 
kg. bo<ly weight daily, or on alternate days for three to six doses. The 
single dose sliould not exceed 8 mg. The compound is given intra- 
venously after it is dissolved in physiological salt solution. 

Toxic effects of nitrogen mustards include nausea and vomiting, 
moderate lymphopenia, neutropenia, thrombocytO])enia, anemia, and 
occasionally bleeding. Severe tissue damage may occur from leak- 
age at injection site. 

References 


General 


A Symposium on the Blood and Blood-forming Organs, Madison, 1939, 
ITniversity of Wisconsin Press. 

Abt, H. L.: The Treatment of Leukemia, ^1. Clin. North America 
28: 187, 1944. 

Forkner, C. E.: Leukemia and Allied Disorders, New York, 1938, 
The Macmillan Co. 

Pxaegel, B. L., and Boss, ,T. F. : The Diagnosis and Treatment of 
Anemia, M. Clin. North America 30: 1042, 1940. 


Iron and Iron Compounds 

Heath, C. W.: Iron in Nutrition — Be<|uirements for Iron, .1. A. M. A. 
120: 3()(), 1942. 

Henderson, V. K., and imeas, G. H.: On the Absorption of Iron, Am. 
.1. Digest. Dis. 11: 244, 1944. 

Liver and Stomach Prt parations 

Castel, W. B.: Observations on the Etiologic Relationship of 
Achylia to Pernicious Anemia, Am. .T. M. Sc. 178: 748, 1929. 
MeSorley, J. G., and Davidson, L. S. P.: Sensitivity to Liver Ex- 
tract, Brit. M. J. 1: 714, 1944. 

Minot, G. R., and Murphv, W. P.: Treatment of Pernicious Anemia 
by Special Diet, J. A. M. A. 87: 480, 1926. 

Schwartz, S. O.: Pernicious Anemia, M. Clin. North America 28: 
214, 1944. 

Subbarow, Y., Hastings, A. B., and Elkin, M.: Chemistry of Anti- 
pernicious Anemia Substances of TAver, Vitamins and Hor- 
mones, 3: 237, 1945. 

Folic (Pteroylfjiutamie) Acid 

Bernheim, F.: The Interaction of Drugs and Cell Catalysts, Minne- 
apolis, 1946, Burgess Publishing Co. 



(•.40 AIATKKIA Mi!:DlCA. TOXIOOIAXJV. ANJ> I'HAliM Ai'OlAHJY 


('lark, A. J.: General Pharmacology — Supplement IV to neffter\s 
Haiidbuch der experimeiitellen Pharniakologie, Herlin, 10ri7, 
Springer. 

Fliirst, H.: Biophysical Factors in Drug Action, Brit. ISt. Mull. 3: 
132, 1945. 

Wooley, D. VV.: Keceiit Advances in the Study of Biological Gompe- 
tition Between Structurally Related ('onipounds, Physiol. Rev. 
27; 308, 1947. 

Anticoagulants 

.Alien, E. V., Barker, R. W., and Waugh, J. M.: A Prei)aration From 
Spoiled Sweet Clover, J. A. M. A. 120; 1009, 1942. 

Allen, d. G., and Jacobson, L. ().: Hyperheparinemia: (Jause of the 
Hemorrhagic Syndrome As.sociated With Total Body Exposure 
to Ionizing Radiation, Science 105; 388, 1947. 

Butsch, W. L., and Stewart, J. D.: Clinical Experiences With Dicou- 
marin, J. A. VI. A. 120: 1025, 1942. 

Evan.s, J. A., and Boiler, R. J.: The Subcutaneous Use of Heparin 
in Anticoagulation Therapy, J. A. AI. A. 131; 789, 1940. 

.forpes, J. E.: Heparin: Its Chemistry, Physiology and Application 
in Medicine, London, 1939, Oxford University Press. 

.lorpes, .r. E.: Heparin in the Treatment of Thrombosis, New York, 
1947, Oxford Press. 

Link, K. P.: The Anticoagulant 3, 3*methylenebis ( 4-hydroxy con - 
marin), Federation Proc. 4: 170, 1945. 

Peters, H. R., Guyther, J. R., and Brambel, C. E.; Dicumarol in 
Acute Coronary Thrombosis, J. A. At. A. 130; 398, 1940. 

('oagulan ts 

Davison, F. R.: Tissue Extracts and Blood (’oagulation, .Am. J. 
Physiol. 118: April, 1927. 

Eagle, H.: Recent Advances in Blood Coagulation Problems, Aledi- 
cine 16: 95, 1937. 

lloloiibek, J. E., Hendrick, J. V., and Hollis, \V. J.: Toluidine Blue 
in Bleeding Associated With Throiiibopenia, .1. .A. Al. A. 139: 
214, 1949. 

Howell, W. H.: Theories of Blood ('oagulation, Phvsiol. Rev. 15: 
435, 1935. 

Potter, E. L.; The Effect on Infant Afortality of Vitamin K Ad- 
ministered During Labor, Am. .1. Obst. & Gvnec. 50; 235, 
1945. 

Richards, R. K., and Bhapiro, S.: Experimental and Clinical Studies 
on the Action of High Doses of Hykinorie and Other Afenadi- 
one Derivatives, J. Pharmacol. & Expcr. Therap. 84: 93, 1945. 

lladioacti ve Phosphorus 

Editorial: Radioactive Phosphorms as a Therapeutic Agent, Ann. 

Int. Afed. 25: 742, 1946. 

Erf, L. A.; Radiophosphorus as the Treatment of Choice in Primary 
Polycythemia, Am. J. AL Be. 1; 363, 1946. 

Reinhard, E. H., Aloore, C. V., Bierbaum, O. B., and Aloore, B.: Radio- 
active Phosphorus as a Therapeutic Agent; A Review of the 
Literature and Analysis of the Results of Treatment of 155 
Patients With Various Blood Dyscrasias, Lymphomas and 
Other Neoplastic Diseases, J. Lab. & Clin. Med. 31; 107, 1946. 

Warren, S.: The Therapeutic Use of Radioactive Phosphorus, Ain. 
J. M. Sc. 209 ; 701, 1945. 



BI0IX)G1CAUS 


641 


Warreu, 8.; Availability of Kadioactive Isotopes — Announcement 
From Headquarters, Manhattan Project, Washington, T). C., 
Science 103: 097, 1940. , 

X i t roff i V Must a ids 

(loodman, L. S., Wintrobe, M. W., Dameshek, W., Goodman, M. J., 
Gilman, A., and McLennan, M. T.: Nitrogen Mustard Therapy 
— Use of Methyl-bis (beta-chloroethyl) Amine Hydrochloride 
and Tris (beta-chloroethyl) Amine Hydrochloride for Hodg- 
kin’s Disease, Lymphosarcoina, J^eiikemia and Certain Allied 
and Miscellaneous Disorders, J. A. M. A. 132: 126, 1946. 

Jacobson, L. ()., Spurr, C. L., Guzman-Harron, K. S., Smith, T., 
liushbaugh, (/., and Dick, G. F.: Nitrogen Mustard Therapy; 
Studies on the Kffect of Methyl-bis (beta-chloroethyl) Amine 
Hydrochloride on Neoplastic Diseases and Allied Disorders of 
the Hemopoietic System, J. A. M. A. 132: 263, 1946. 

Hlioads, (J. P.: Nitrogen ^Iiistards in the Treatment of Neoplastic 
Disease, J. A. AL A. 131: 656, 1916. 

Urathauc 

Creskolf, A. .7., Fitz-Hugli, T., Jr., and Frost, J. W.: Urethane 
Therapy in Leukemia, Blood 3: 823-966, 1948. 

Hirschboeck, John S., et al.: EfTects of Urethane in the Treatment 
of Leukemia and Metastatic Afalignant Tumors, J. A. Af. A. 
136: 90, Jan. 10, 194S. 

Paterson, E., Haddow, A., Thomas, T. A., and AVatkinsori, J. Af.: 
I.eukaemia Treated With Urethane Compared With Deep 
.\-Kay Tliera[)y, Lancet 1: 677-t»S2 (Afay 11), 1946. 



CHAPTER XXll 
BIOIiOGICALS 
V. HORMONES 

^ * Physiology has revealed the presence in the animal body of 
organs constantly making and adding to the blood substances 
rivaling the most potent of alkaloids in the intensity of their 
action, in modifying, stimulating, depressing, or regulating 
the activity and metabolism of the body and its organs. 

** Already preparations of these hormones, the natural drugs 
of the body, play a large part in the treatment of disease and 
normal development. ... No branch of modern therapeutics can 
show triumphs more genuine or more dramatic. — Sir Henry 
H. Dale, M.D., F.R.S. 

Endocrinology has made rapid strides the past decade in laboratory 
and experimental knowledge; there has, however, been a slower applica- 
tion of these findings in the Held of practical medicine. The most 
significant recent contributions have perhaps been in the field of anti- 
thyroid drugs, radioactive iodine in the treatment of toxic goiter, and 
those dealing with the relations of estrogens and androgens to car 
cinoma of the breast and prostate, respectively. 

Definition of Hormones. — Hormone, a name derived from the Greek 
word meaning to excite or arouse, may be defined as a chemical «m6- 
stance produced in an organ, which being carried to another organ or 
tissue by the blood stream influences its activity, 

Ohemistry of Hormones. — Developments in the chemistry of the hor- 
mones have been so great in the past few years that it is almost im- 
possible to give a complete r4sum6 of their present position. New de- 
velopments appear so rapidly that anything written today may need 
revision tomorrow. The accompanying diagram (Fig. 34) shows the 
general relationship of the hormones, it is shown that the control of 
the endocrine glands appears to be closely associated with the anterior 
lobe of the pituitary body. 

The hormones show a wide diversity in their chemical structure. 
Thus thyroxin is an iodine derivative of an amino acid, tyrosine; testos- 
terone is a sterol; insulin is a polypeptid. These substances are active 
in extremely small dilutions and exist in the blood and in the glands in 
small quantities. One-tenth of a milligram of insulin produces hypo- 
glycemia in a two-kilogram rabbit, while epinephrine extracts exert 
demonstrable effects in dilutions greater than one in twenty million. 

Another interesting fact is that each hormone is apparently identical 
regardless of the source. Thus insulin derived from beef pancreas is 
apparently identical with that elaborated by the human body. Conse- 
quently, the hormones, unlike other tissue proteins, give no anaphylactic 
reactions when pure preparations are injected. 

Physiology of Hormones. — The glands of internal secretion may be 
considered a series of remote control organs concerned with the com- 
munication of impulses khd the correlation of processes. They may 
be considered as catalytic agents:^ A catalyst does not initiate processes, 
but is able to increase markedly the rate of a chemical reaction already 
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under way. It is known that a depancreatized body can use dextrose, 
but with the aid of insulin, the rate of sugar metabolism is greatly in 
creased. Furthermore, the body can use oxygen without thyroid secre- 
tion, but in the presence of a normal supply of the hormone the rate of 
using oxygen is increased 60 to 70 per cent. > 

More recently, drugs having an antagonistic action toward the endo- 
crine glands have been under observation. Thiourea and related com- 
pounds interfere with the thyroid hormone and depress basal metabolism 
in normal and liyperthyroid* individuals. Alloxan has a selective toxic 
action on the beta cells of the islet tissues of the pancreas causing 
diabetes mellitus. Certain drugs are believed to stimulate the formation 
of endocrine substances. Recent evidence suggests that the antidiuretic 
effect of a number of drugs may be due to the production of an in- 
creased output of the antidiuretic hormone of the neutral lobes of the 
pituitary gland. 

Endocrine Therapy. — In applying organotherapy, the patient and 
the preparation must be carefully studied and understood. The indi- 
vidual characteristics of the patient and the contents of each prepara- 
tion must be known. 

Rarely is each case a simple deficiency of a certain gland; in most 
patients there is present a deficiency or dysfunction of several glands 
which makes the task a more difficult one. In some instances there is a 
tendency to use pluraglandular therapy in the hope of correcting the de- 
ficiency. Never use simultaneously even two endocrine preparations 
which have an opposite action on the organism. 

Factors Limiting Glandular Therapy. — Several factors may account 
for some of the lack of ability to correct glandular dysfunction by 
substitution therapy. The most common are: (1) difficulty in sup- 
plying hormones according to the needs of the body, (2) lack of ability 
of endocrine products to replace the normal endocrine secretions, (3) 
variability of body response to hormones administered, (4) lack of re- 
sponse following continued administration of glandular extracts, and 
(5) lack of knowledge concerning the interrelationships between the 
vitamins and hormones. It is known that vitamins may inhibit the 
action of hormones, and it has also been conclusively demonstrated that 
certain vitamin deficiencies are directly correlated with glandular de- 
ficiencies. 

Hormone Assays are essential for correct dijignosis and for checks 
on therapy. Laboratory facilities should be available for determining 
the production of various hormones and for estimating concentrations 
in blood and urine. Apparatus for the determination of basal metabo 
lism is most essential. It is necessary to be able to make simple chem- 
ical tests, including determinations of sugar, sodium, potassium, cal- 
cium, phosphorus, phosphatase, total protein, albumin, globulin, uric 
acid, creatinine, etc. Roentgen examination and endometrial biopsies 
are other means of securing important information. 

Interrelationships of Hormones. — It is a common error to regard the 
hormones as agents involved in some specific reaction in the body. Such 
views are entirely inadequate to account for their great influence on 
the body. In fact, no single hormone or endocrine gland acts wholly 
by itself, and it is impossible to affect the activity of one without 
modifying the activity of the others. Although the exact mode of 
interaction has not been determined, there are, it appears, three possible 
ways in which one endocrine gland may influence another. These are: 

1. The secretions of two endocrine glands may exert opposite effects 
upon the same organ or tissue; for example, insulin increases the 
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quantity of carbohydrate stored in the muscle as glycogen, while 
epinephrine causes a decrease. 

2. Dysfunction in one gland may alter the function of other endocrine 
glands; for example, castration in childhood is followed by excessive 
growth in the long bones. This abnormal growth may be due to the 
liberation of the growth-promoting activity of the anterior pituitary 
from the inhibitory influence of the gonads that normally become active 
at puberty. Another example: the pituitary produces a substance which 
stimulates the growth and activity of the adrenal cortex, and if the 
pituitary is destroyed, the cortex atrophies, hence the adrenal depends 
on pituitary secretion for its ability to produce cortical hormone. 

3. The involvement of two or more endocrine glands may result in a 
complexity of symptoms; for example, pancreatic diabetes and thyroid 
dysfunction might occur in the same individual. 

These three typical examples show how closely related the endocrine 
glands are. The interrelationship seems centered about the anterior 
pituitary gland; for example, the pituitary, often called the master 
gland, controls the gonads and has an important function over the thy- 
roid, pancreas, adrenals, and probably the parathyroids. The adrenal 
medulla, adrenal cortex, pancreatic islands and pituitary all influence 
carbohydrate metabolism, and the pituitary, adrenal cortex, thyroid, 
and gonads play an important role in the development and maintenance 
of sexual activity. In consequence, it is not difficult to imagine how 
dysfunction of the pituitary may produce complex disturbances in 
bodily function. 

Endocrine Preparations. — The advent of the chemically pure hor 
mones and the physiologically active synthetic hormone preparations 
have produced many advances in endocrine therapy. 

The basic principle of endocrine therapy is to correct a deficiency 
state of the endocrine system. It may be assumed that each endocrine 
gland secretes one or more specific hormones which are given to the 
blood or lymph and influence in some manner the activity of the body. 
They exercise supervision over growth, nutrition, and sex, and influence 
mentality and personality. They are closely related and may have 
stimulating and inhibitory action on each other. Thus, the sex hormones 
have been administered in extremely large doses to depress anterior pitu- 
itary activity. 

A new phase in endocrine therapy was marked by the appearance of 
synthetic chemical substances of a chemical constitution unrelated to the 
natural hormones but possessing similar physiological activity. The 
first of these, AT.IO, dihydrotachysterol, when administered orally, has 
been successfully used to raise blood calcium in thyroid tetany. Another 
synthetic compound, diethylstilbestrol, chemically unrelated to the natural 
estrogens, possesses estrogenic activity following oral or parenteral 
administration. 

The ever increasing number of endocrine preparations makes it al 
most impossible for a busy practitioner or student to evaluate their 
efficiency properly. The author will try to present that material most 
useful to the average practitioner. The consensus on endocrine therapy 
will be presented. Representative endocrine preparations will be given. 
Omission of any product must not be con.strued as an expression of 
opinion against it. 

The glands which we are especially concerned with are the pituita^, 
thyroid, parathyroid, pancreas, and the sex glands; of these the thyroid, 
parathyroids and pancreatic islands apparently secrete but one hormone 
each, tne adrenals and gonads at least two each, and the pituitary eight 
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or more. lAfctle is known concerning the functional importance of the 
'hymns and pineal glands. The following glands will bo discussed: 

Pituitary Adrenals 

Thyroid Sex Hormones 

Parathyroid Pineal 

Pancreas Thymus 

PITUITARY 

The pituitary (hypophysis) is a small gland lying in the sella turcica 
at the base of the brain. It is composed of two main lobes, the anterior 
(glandular) portion and the posterior (nervous). The whole structure 
may be removed or destroyed without producing death. It does, how- 
ever, play an important role in bodily welfare. The anterior and pos- 
terior lobes have entirely different histological structures and will be 
discussed separately. The posterior lobe secretes two demonstrable 
hormones, while the anterior lobe secretes eight or more active principles. 

Little is known of the significance of the pars intermedia except that 
its extracts cause expansion of melanophores in amphibia and fish. This 
portion of the gland which is derived from the posterior walls of 
Rathke’s pouch and is in intimate contact with the posterior lobe is 
glandular in structure and is said to secrete a substance which Zondek 
calls intermedin. It is not available clinically, but there is some evidence 
that it is of use in the treatment of diabetes insipidus. It is said to 
differ from pitressin in that it checks only water output, while pitressin 
reduces both water and sodium chloride excretion (Zondek and Krohn. 
1932). 

POSTERIOR PITUITARY 

Extracts of the posterior lobe of the pituitary produce a marked 
effect on plain muscle, especially that of blood vessels and the 
uterus. The parenteral administration of such extracts is usu- 
ally followed by an increase in blood pressure which is maintained over a 
long period of time. Repeated administration may have diminished 
pressor effect if repeated too soon after the initial injection. The in- 
crease in blood pressure is due to the constrictive action of the drug 
on the smooth muscle of the vessels. The action is not consistent in all 
individuals, some show slight response and others even show a lowering 
of blood pressure. The heart is thought to be depressed by vagus 
response to a high blood pressure or by direct depressant action on the 
myocardium because of coronary vessel constriction. Pituitary extract 
increases the tone of the intestinal tract, and is also ohoiight to delay 
absorption of moisture from this organ. This latter action may ac- 
count for its antidiuretic action. The bladder musculature is stimu- 
lated, especially if in an atonic state. Posterior pituitary extract may ac- 
celerate the output of milk but does not necessarily increase the amount 
of milk. Of ^eat therapeutic importance is the oxytocic action of 
pituitary extract; it stimulates the uterus to contract by direct muscle 
action. This action is especially evident in pregnant animals. 

The posterior lobe of the pituitary provides a pressor and an 
oxytocic substance. Any destructive lesions involving the integrity 
of the nervous connection from the supraoptic nuclei through the 
infundibulum or involving the posterior lobe result in polyuria. The 
physiological significance of the pressor material is unknown. Physi- 
ologic oxytocic activity is thought to be present during labor, but 
this has not been confirmed experimentally. 

In 1928, Kamm and others were able to separate two active principles 
from the posterior lobe. One, which they called alpha-hypophamine 
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(also called pitocin), causes contraction of the uterus and smooth muscle. 
The other, which they called heta-hypophamine (also called pitressin), 
raises blood pressure and has, a diuretic antidiuretic action. Permanent 
polyuria results from destructive lesions involving the posterior lobe. 

Therapeutic Uses. — Ilypof unction of the posterior lobe produces 
the clinical entity of diabetes insipidus. No accepted clinical syn- 
drome is associated with hyperfunction of the posterior lobe. 

Diabetes Insipidus is characterized clinically by polyuria, excessive 
thirst, and pathological lesions in the region of the supra-optico 
hypophyseal tracts. The lesions probably interfere with the formation 
of the .secretion of the posterior pituitary. Treatment: Preparation.s 
rd' posterior pituitary are helpful. Solutions of posterior pituitary may 
bo injected subcutaneously, sprayed in the nose, in doses of 1 cc. as 
n(‘e«led, usually once daily. The powder of posterior pituitary (40 to 
ilO mg.) may be snutfed in the nose daily. Pitressin tannate iii oil may 
bo injected intramuscularly in doses of 0.5 to 1 cc. The active con- 
stituent is slowly liberated and one injection may be etfective over a 
period of forty-eight hour.s. 

Extracts of posterior pituitary arc employed to increase the force of 
uterine contraction in labor and to prevent postpartum hemorrhage. 
See Chapter XVI on Oxytocics, 

Posterior pituitary extracts are also useful in preventing hemorrhages 
in certain operations such as tonsillectomies and prostatic resections. 
Areas that exhibit an oozing bleeding may be quickly wiped with a solu- 
tion of posterior pituitary; the styptic action usually makes the oper- 
ative field suitable for surgery. 

Posterior pituitary has been usc<l for stimulating bowel musculature 
in the treatment of postoperative paralytic ileus and bowel distention. 

Standardization. — An International Standard preparation of pos- 
terior pituitary contains I unit of activity in 0.5 mg. The Official 
1T.8.P, method measures only oxytocic activity. The assay is based 
on the production of contractions in the excised uterus of the virgin 
guinea pig. 

Toxicology. — Absorption of excessive amounts of posterior pituitary 
may cause gastrointestinal cramps and evacuation. The use of posterior 
pituitary is contraindicated in heart disease because of its coronary 
constrictive action. The addition of epinephrine or ephedrine may 
antagonize the effect of pituitary on the coronary vessels and it also 
])rolongs the pressor effect of po.sterior pituitary. In pregnancy the 
drug might empty the uterus. Large doses of posterior pituitary 
may favor gastric ulcer formation due to its local vasoconstriction 
action. 

ANTERIOR PITUITARY 

The anterior lobe of the pituitary is the ‘‘master gland” of the 
endocrine system, the secretions of which are essential for the 
])hy.sical ami mental well-being of the individual. Our knowledge of 
its function has resulted from the experimental work of such investi- 
gators as Evans, Riddle, Zondek and others, and has followed in the 
wake of surgeons, such as Cushing and Homans. 

At least a dozen or more types of physiological effects have been at- 
tributed to the anterior lobe. Nine or more of these have been attributed 
to distinct and separate hormones, namely, (1) a growth hormone con- 
cerned with the development of the body; (2) a hormone which stimu- 
lates the growth and maturation of the ovarian follicles, which in turn 
brings on changes characteristic of estrus; (3) a hormone which causes 
luteinization of the ovarian follicles; (4) a hormone which is essential 
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for normal thyroid development; (5) a hormone, named prolactin, which 
produces lactation in mammals, and possibly plays a part in mammary 
gland proliferation; (6) a diabetogenic hormone which decreases the 
hypoglycemic response to insulin and the absence of which leads to hypo- 
glycemia; and (7) a ketogenic hormone, which increases the ketone con- 
tent of the blood in rabbits and rats. In addition to these hormones, 
the existence of other principles has been demonstrated; among these 
are (8) the adrenotropic hormone which stimulates the adrenal cortex 
and, (9) the thyrotropic hormone which stimulates the thyroid. 

More recently, Evans of the University of California has isolated an 
adrenocorticotropic hormone and also a purified growth hormone. 
Preliminary reports on the effects of the former are contradictory and 
further observations will be necessary to determine the status of this 
material. 

It has been shown that in patients showing a loss of pituitary 
function, as in Simmond ^s <lisease and chromophobe adenoma, there 
is an evidence of hypothyroidism, hypof unction of the adrenal cortex, 
and hypogonadism. Patients with hypopituitarism sometimes show 
typical Addison’s crises which have to be treated with injections of 
adrenal cortex extract and sodium chloride and dextrose. These patients 
do not appear to become pigmented as frequently as do patients with 
Addison’s disease caused by destruction of the adrenal glands. 

Anterior Pituitary Extracts . — Despite the labor and care expended in 
separating various principles of the anterior pituitary, none of the hor- 
mones is available in pure form. 

Evans’ purified growth hormone is probably as pure a form of this 
substance as has yet been obtained from the anterior pituitary. This 
new preparation is of great interest but has not been tried adequately 
in man. Preparations of growth hormone available up to the present 
time have proved of little value clinically. 

Preparations of thyrotropic hormone will cause temporary increase 
in basal metabolism in many patients in whom some functional thyroid 
tissue is present. The metabolism always returns to its initial level or 
even lower with prolonged administration. 

Conditions Besulting From Dysfunction of Anterior Pituitary 

Certain diseases are associated with hyperactivity and hypoactivity 
of the anterior pituitary. Because of the multiplicity of the physio- 
logical effects of the gland, these abnormalities take various forms. 
Theoretically, in diseases due to deficiency of the anterior pituitary sub- 
stitution therapy would be indicated. This is at present impractical 
because pure extracts are not available. On the other hand, treatment 
of hyperactivity is difficult, as surgery is difficult and roentgen irradia- 
tion is often ineffective. Depression by use of drugs is of limited value 
and often little understood. The following arc common pituitary dis- 
orders : 


Hyperactivity 

Anterior lobe 

Hypoactivity 

Posterior lobe deficiency or 
hypothalamic lesion 
Anterior and posterior lobe de- 
ficiency or hypothalamic lesion 


{ Acromegaly 
Gigantism 

Pituitary basophilism 
(Cushing’s syndrome) 

rDwarfism 

-< Pituitary cachexia 
I (Simmonds’ disease) 

Diabetes insipidus 

Dystrophia-adiposogenitalis 
(Frohlich’s syndrome) 
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OlOANTiSM and Acromegaly. — Bosiiiophilic tumors of th© ciuterior 
lobe of the pituitary are often associated with excessive production of 
the growth hormone. Gigavrtism usually results if the stimulation 
occurs before closure of the epiphysis, and acromegaly occurs after 
union of the epiphyses. 

Treatment . — Kadiation therapy may be efTectivo, but other functions 
of the anterior pituitary may of course be alfected. Give 300 r. daily 
for nine days, through three different portals, and repeat once in two 
months. 

Administration of male or female s(?x hormones, or thyroid, has been 
suggested as means of depressing the hyperactive pituitary, or for 
closing the epiphyses and stopping further growth. In gigantism use 
of testosterone should be tried because growth in height is usually 
stopped with no side effects of any consequence. 

Surgery should be resorted to if other measures fail. 

Cushing's Syndrome (Pituitary Basophilism). — This condition was 
first described by Cushing in 1932, and he attributed it to the presence 
of a basophilic adenoma of the pituitary. The condition is now con- 
sidered by some investigators to be secondary to primary adrenal disease. 
The condition is characterized by a plethoric type of obesity of the 
trunk, face, {ind buttocks. The fatty deposits may be tender and pain- 
ful. Other characteristics are purplish striae over the abdomen, 
hirsuitism, hypertension, diabetes, and lowered sexual activity. It is 
mainly a disease of adult women, but a few cases have been reported 
in men. 

Treatment . — Treatment of this condition is unsatisfactory. Some 
patients exhibit a condition intermediate between Gushing's disease and 
the adrenogenital syndrome. Testosterone propinate, 25 mg. intra- 
muscularly daily, is recommended by some clinicians. This agent is 
thought to increase the formation of tissiu* from protein and thus to 
counteract the excessive glycogenesis. Those not improved by this treat- 
ment may respond to roentgen irradiation. 

Dwarfism. — Hypophyseal dwarfism, due to lack of development or 
destructive lesions of the pituitary, may occur if the decreased action 
of the gland occurs during the growth period. These dwarfs are well 
proportioned but show a sexual infantilism. Since the epiphyses remain 
open, slow growth may occur. They are, as a rule, normal mentally. 

In contrast to the pituitary dwarf just described there is the genetic 
dwarf who is normal in all respects except in size. 

Treatment. ---Anterior pituitary ^‘growth preparations” have been 
tried wdth little success. 

Female dwarfs may be aided by administration of chronic gonado- 
tropin and estrogens. Dosage: Chorionic gonadotropin — 500 units two 
or three times a week subcutaneously. Diethylstilbestrol — 0.25 mg. 
daily, by mouth. Thyroid, in doses of 30 to 60 mg. daily, orally, may be 
of value. 

Male dwarfs at ten years of age may be aided by chorionic gonado- 
tropin and testosterone, to induce puberty. This w’ill be of benefit only 
until closure of the epiphyses and will not increase growth. Dosage: 
Chorionic gonadotropin — 500 units two or three times a week, subcu- 
taneously. Testosterone propinate — 10 to 25 mg. intramuscularly, twice 
weekly. 

Pituitary Cachexia (Simmonds' Disease). — This is a rare disease 
associated with atrophy of the anterior lobe of the pituitary, occurring 
in adult life. The main features of this disease are progressive emacia- 
tion, asthenia, and cachexia. The skin becomes wrinkled and dry. The 
metabolism of the body is reduced. Patients become apathetic, ex- 
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hausted, and senile. It may occur at any agC; it may run a rapid 
course with death in a few months, or a chronic course, extending over 
several years. 

Treatment is difficult. The administration of anterior pituitary ex* 
tracts are of little value. The use of desoxycorticosterone or adrenal 
cortex extract, sodium chloride, thyroid, and testosterone propinate have 
been reported of value in the treatment of secondary insufficiencies. 

A high caloric, high vitamin diet plus general supportive measures 
are indicated for this disease. 

Dystrophia Adiposoobnitalis (Fr5hlich^s Syndrome). — This con- 
dition may be due to dysfunction of the pituitary gland but its chief 
symptoms are now looked upon as a result of pressure on the hypo- 
thalamus and its adjacent structures. The picture lacks the cachexia 
of Simmonds’ disease and possesses the obesity and sexual infantilism 
associated with dwarfism. The chief symptoms are obesity, faulty 
skeletal development, and genital hypoplasia. The obesity is often the 
female type characterized by deposition of fat over the mammae, hips, 
upper parts of the thighs, and lower abdomen. The reproductive organs 
are underdeveloped. The hands are plump with tapering fingers. In 
males the voice remains effeminate. When the disorder is due to a 
neoplasm, symptoms such as headache, somnolence, lassitude, and vision 
changes are prominent. 

Treatment , — Simple reduction of diet to control obesity may be 
sufficient in this condition. X-ray therapy may be indicated if there 
is evidence of brain tumor. Sexual development may l)c hastened by the 
use of gonadotropic pituitary extracts. 

Preparations 

Pure extracts of anterior pituitary hormones are not available. The 
X.P. contains a whole pituitary ami an anterior pituitary preparation. 
There is little indication for their clinical use. 


THYROID GLAND 

The thyroid gland, one of the most important of all endocrine glands, 
consists of two lobes connected by the isthmus. The individual lobes 
are located on each side of the larynx, while the isthmus crosses the mid- 
line between the two lateral structures. 

Three important developments are of particular interest: (1) the 
use of antithyroid drug, (2) the use of radioactive iodine, and (3) the 
irradiation of the pituitary. 

The administration of thyroid preparations in the treatment of cer- 
tain diseases is one of the most satisfactory examples of organotherapy. 
The first important step in the elucidation of the chemistry of the thy- 
roid gland was the discovery of iodine in the gland by Bauman (1895). 
He was the first to prepare a nonprotein extract of thyroid which con- 
tained the iodine and was physiologically active. In 1915 Kendall 
isolated the amino acid, thyroxin, which contained 65 per cent of iodine 
and was proved to be the active principle of the hormone. Harington 
(1926) prepared large amounts of this substance and established its 
constitution. The final proof of the structure was furnished by Barger 
and Harington (1927) who synthesized thyroxin by coupling two 
molecules of diiodotyrosine. 

Three organic iodine compounds are present in thyroid tissue; diiodo- 
tyrosine, thyroxin, and thyroglobulin. Harington (1935) believes that 
the hormone is produced in the following manner; inorganic iodine acts 
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on tyrosine to give diiodotyrosine, two molecules of diiodotyrosine unite 
to form a molecule of thyroxin. Thyroxin and diiodotyrosine are then 
linked through an amino acid to form iodothyroglobulin. lodothyro- 
globulin probably serves as the form in which the hormone is stored 
in the gland and is converted to a simple polypeptid which is released 
from the gland into the blood stream. 

Thyroxin apparently may be formed by other tissues than the thyroid. 
Studies with radioactive iodine have shown that thyroxin may bo 
formed in completely thyroidectomized animals. 

Function. — Thyroxin has a very remarkable etfect on the metabolic 
activity of the body. If it is formed in appropriate amounts normal 
development takes place. If it is deficient, as in young animals after 
thyroidectomy, the following changes occur; the skin becomes dry and 
thickened and the hair falls out; the generative organs fail to grow; 
there is retardation of skeletal growtli ; dullness and apathy are 
very pronounced. Excessive thyroid feeding produces the following 
results: loss of body weight, disappearance of the fat deposits, gastro- 
enteritis, nervousness, and tachycardia. 

The thyroid gland is intimately related to other endocrine glands. 
Removal of the thyroid gland produces an enlargement of the pituitary 
gland, while pituitary enlargement occurs with myxedema. It has been 
shown that removal of the hypophysis (anterior pituitary) produces a 
condition identical with myxedema, and hyperplasia of the thyroid can 
he produced by administration of anterior pituitary extracts. The 
thyroid hormone influences many phases of metabolism. The consump- 
tion of oxygen is increased by its action. Heat production is corre- 
spondingly increased. These phenomena are the basis for a test for in- 
creased or decreased functional activity of the thyroid — the basal 
metabolism test. 

The utilization of sugar is increased by thyroxin; glycogen stores are 
sharply reduced, and the ability of the liver to store glycogen is di- 
minished. Water retention and excretion appear to be linked with 
thyroid activity. The thyroid gland enlarges during menstruation, 
pregnancy, puberty, and menopause. Mental activity and neuromuscular 
activity are influenced to a great extent by thyroxin. Myxedematous 
patients are dull and lethargic while in hyperthyroidism the opposite 
effect is apparent. Proper thyroid function is necessary for normal 
involution of the thymus. Hyperthyroidism leads to increased calcium 
excretion and parathyroid hypertrophy. The gonads are affected by the 
thyroid gland and carbohydrate metabolism is also related to the thyroid 
secretion. 

Iodized Proteins Simulate Thyroxin Activity. — Recent studies have 
thrown light on the ability of iodized proteins to simulate thyroxin 
activity. Therapeutic effects of iodized whole serum protein have been 
demonstrated in human beings with athyro.sis. The therapeutic pattern 
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of stimulation by these artificially iodized proteins is probably the same 
as when desiccated thyroid is given, as shown by successful isolation of 
thyroxin from the hydrolysis products of iodized casein. 

Mann and his coworkers (1942) gave us some indication of the path- 
way of synthesis of the thyroid hormone. They injected radioactive 
iodine into dogs, and the relative amounts of inorganic iodine, di- 
iodotyrosine, and thyroxin in the thyroid substance were calculated 
from the relative specific radioactivity of these fractions. They con- 
cluded that diiodotyrosine seems to be the precursor of thyroxin. There 
seems to be a close chemical and functional relationship between the thy- 
roid protein and the artificially iodized proteins. There is the possi- 
bility of preparing an active therapeutic agent in the laboratory on a 
large scale. 

Conditions Besulting From Dysfunction. — The manifestations of 
thyroid dysfunction are exceedingly variable. Simple goiter, hypo- 
thyroidism (myxedema and cretinism), and hyperthyroidism are the 
usual thyroid disturbances. 

Simple Goiter. — Simple, or colloid, goiter is due to thyroid hyper- 
plasia resulting from lack of iodine. Cases occur most frequently in 
areas where drinking water is deficient in iodine. Swelling in the neck 
is the usual manifestation. If growth compensation is inadequate, hypo- 
thyroidism results. 

Treatment . — Prophylactic treatment consists in supplying adequate 
iodine (0.1 mg. daily for man). The use of iodized salt in the salt 
shaker is usually sufl^cient. 

Surgery may be necessary once a simple goiter is formed, especially 
if pressure symptoms are present. Children may respond to the 
administration of potassium iodide, l.t'j mg. weekly, but such treatment 
is probably contraindicated in older patients as it is ineffective and 
may even induce hyperthyroidism. 

Hypothyroidism 

Hypothyroidism may result from atrophy of the thyroid, from 
colloid goiter, or infection, or from surgical removal. Cretinism and 
myxedema are common clinical entities of hypothyroidism. 

Cretinism. — This condition may result from failure in the embryonic 
development of the thyroid or its atrophy during fetal life or early 
infancy. Two forms are described. The endemic form is due to 
goitrous degeneration of the gland. The failure of development of the 
gland in this form may be due to lack of iodine in the mother. The 
other form, the sporadic form, has the same underlying etiology as found 
in myxedema. 

The most characteristic symptom of this condition is the complete 
cessation of physical and mental development, resulting in dwarfism 
and idiocy. Cretins are pot-bellied and ugly; the hair is thick and 
coarse and the skin dry and pale. The tongue is thick and protrudes 
through the gaping mouth. The hands and feet are spade-like and the 
lips are thick. As in myxedema of adults the basal metabolic rate is 
low. The use of blood cholesterol determination is an excellent acces- 
soiy diagnostic test, since elevated cholesterol content is said to occur 
uniformly in hypothyroidism when untreated. 

Treatment . — Administer thyroid in adequate amounts by mouth. 
Cretins require fairly large doses, from 0.00 to 0.2 Grn. daily if neces- 
sary. Treat other symptoms as they arise. 

Myxedema. — This condition results from atrophy of the thyroid 
glands. It is usually insidious in its development, with a gradual 
retardation in the physical and mental functions. Its deficiency causes 
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a marked reduction of the basal metabolic rate, a fall in body tem- 
perature, and a slower than normal pulse rate. The face and hands 
become pulfy and swollen, due probably to the formation of a sub- 
cutaneous connective tissue. The skin becomes thick, and the hair 
tends to fall out. Sensitiveness to cold is a characteristic symptom. 
The swelling of the mucous membranes gives rise to a husky, bass voice; 
deafness may occur due to swelling of the tympanic membrane. Speech 
is slow due to difficulty in enunciation. 

Treatment. — Administer 0.1 Gm. of thyroid daily in total myxedema. 
This will maintain the basal metabolic rate at about minus 5 per cent. 
It may bo necessary to adjust this dosage to meet tlie requirements of 
the individual. Administer the corrected dosage indefinitely. Thyroid 
is preferred over tliyroxin as the latter is expensive and irregularly 
absorbed. If intrav<‘nous therapy is indicated, use thyroxin in doses 
of 0.2 to 2 mg. 

Hyperthyroidism 

In this condition excessive thyroid hormone is produced, probably 
due to excessive activity of the anterior pituitary. The, excess of 
hormone causes increased tissue oxidation and sympathetic nerve 
stimulation, associated with hunger, loss of weight, nervousness, and 
exophthalmus in younger persons. 

Thyroidectomy, antithyroid drugs, and radioactive iodine are useful 
in this condition but do not attack the underlying cause. The two 
antithyroid drugs most often used are thiouracil and propylthiouracil, 
'fhe latter is less toxic but is not free from toxic manifestations 
by any means. These drugs have been used to treat the disease 
and also to prepare the patient for operation. 

The introduction of antithyroid drugs represent an important advance 
in jireoporative preparation of patients with toxic goiter. It is possible 
to eliminatt* the thyrotoxicosis more completely than formerly with 
iodine. Propylthiouracil is of greatest value in preoperative preparation 
of patients who have thyrotoxicosis in severe form. The mortality is 
almost nil and hospitalization is shortened. 

The percentage of cures appear to be related to the length of time 
that the basal metabolism is maiutaine<l at normal level before treatment 
is discontinued. Patients not cured by one course may respond to a 
second or third. Caution should be used in concluding that the treat- 
ment is efTective, as spontaneou.s remissions of the disease are common. 
The development of these drugs represent an important advance in the 
treatment of toxic goiter but are not the final answer. 

It is generally agreed that the antithyroid drugs are most valuable in 
the treatment of persistent recurrent symptoms following subtotal 
thyroidectomy, and the treatment of patients in whom surgery is contra 
indicated. 

The use of radioactive iodine rei)re.sents another approach to the 
problem of treating toxic goit(*r. When small amounts of radioactive 
iodine are administered, thyroid cells are destroyed, producing areas of 
fibrosis in the thyroid gland. Myxedema may be produced in the ex- 
perimental animal. When administered to patients with toxic goiter 
ill proper amounts, cures are effected in a large percentage of the 
cases. This new form of treatment is of great interest but more trials 
are necessary in order to determine the incidence of cures and the 
incidence of late complications, if any. 

The question may arise in regard to the effect of radioactive iodine 
on carcinoma of the thyroid. Seidlen, et al. (1946), reported a 
beneficial action with hyperfunctionary metastases of adenocarcinoma 
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of the thyroid. Most earcinornatous cells, however, take up little radio 
active iodine, and little effect is to be expected. 

Treatment , — Best results follow subtotal thyroidectomy after prepara 
tion with iodine or thiouracil. 

Thyroidectomy : If surgery is the 1 real men t of choice, the patient is 
iirst treated with iodine or thiouracil to return him to a normal state 
suitable for the operation. For mild cases iodine is preferred, for 
severe cases thiouracil may be indicated. 

If iodine is used, administer potassium iodide solution or compound 
iodine solution, 0.3 cc. three times a day by mouth. After from 10 to 
20 days, the basal metabolic rate will probably reach a reasonably 
stationary low level and the patient is ready for surgery. Continue 
iodine for one month after operation. 

If thiouracil is selected, administer 0.2 Om. three times a day until 
B.M.B. has fallen to about zero. Watch patients for signs of dermatitis. 
Make a blood count every other day. If a severe depression of white 
cells occurs, substitute iodine for thiouracil. 

Thiouracil interferes with the formation or release of the thyroid 
hormone. When administered continuously for ten months or more, and 
then stopped, about 50 per cent of the patients do not experience a 
recurrence of the disease. Patients must be under careful supervision 
to detect granulocytopenia. Dosage: The initial dose of 0.6 Gm. daily 
is gradually diminished to 0.4 Gm. or 0.2 Gm. daily in order to main- 
tain the B.M.R. at about zero per cent. Iodine therapy should not be 
given concurrently. If goiter is nodular, this treatment is definitely 
contraindicated as malignant degeneration of the nodules may 0 ('cur. 

NH C=0 

8=(1 (III 
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Propylthiouracil 

Other Uses of Thyroid. — In addition to its use in replacement 
therapy in hypothyroid conditions, thyroid is used clinically in various 
other conditions with somewhat irregular results. Thyroid extract may 
be used in amenorrhea for its stimulating effect on ovaries. It may 
be of some value in some types of obesity. It should only be given 
under a physician's supervision since in some obese patients there 
exists a sensitivity to thyroid extract. It causes loss not only of fat, 
but also of protein, and may give rise to untoward symptoms, such as 
cardiac and nervous disturbances, glycosuria, and exhaustion. 

Thyroid has given good results in some cases of rheumatoid arthritis, 
epilepsy, hemophilia, osteomalacia, rickets, and in various skin dis- 
eases, especially psoriasis and ichthyosis. It is not generally recom- 
mended in these conditions, and should be used only when definitely 
indicated. 

Standardization. — Thyroid preparations are standardized by their 
iodine content. The TJ.S.P. requires that thyroid contains not less 
than 0.17 per cent and not more than 0.23 per cent of iodine in 
thyroid combination. 

Preparations 

Thyroid, Thyroideum, U.S.P. The thyroid glands of domesticated ani- 
mals. Contains about 0.2 per cent of iodine. Dosage: 60 mg. 
(1 grain). 
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Tliyroid Tablets, Tabellae Thyroidei, U.S.P. The usual sizes contain 
15 mg., 30 mg., 60 mg., and 120 mg. 

Thyroxin, Thyroxinum, U.S.P. The active principle obtained from the 
thyroid gland or prepared synthetically; it contains not less than 
64 per cent of iodine. Dosage: 0.5 mg. (Vi20 grain). Thyroxin 
should always be given in minimum effective doses, which should 
be determined for each patient. A small cretin requires from 
0.2 to 0.4 mg. (^00 Viso every day or two. A patient 

with high grade myxedema requires 1.5 to 2.0 mg. (V4o to 
grain) daily. 


PABATHYEOIB GLANDS 

The parathyroid glands, usually four in number, generally rest upon 
the posterior aspect of the thyroid. In 1925, Hanson and Collip, work-i 
ing independently, succeeded in preparing an active extract from these 
glands which would prevent or relieve tetany in parathyroid ectomized 
animals. Although comparatively little is known concerning the chem- 
istry of the parathyroid hormone, all evidence points to the fact that the 
hormone is a protein-like substance. 

Function. — The parathyroids function in the metabolism of calcium 
and phosphorus. If one stops substitution therapy with parathyroid 
extract in a parathyroidectomized patient four cardinal changes 
occur. There is first an immediate decrease in phosphorus excreted 
in the urine; second, the serum phosphorus level lises; third, the 
serum calcium level falls; finally, with the fall in serum calcium 
there is eventually a decreased excretion of calcium in the urine. 
Tf parathyroid extract is administered to a normal person these same 
four metabolic functions are altered in the opposite direction, i.e., 
one obtains hyperphosphaturia, hypophosphatemia, hypercalcemia, and 
hypercalcinuria. 

Mode of Action. — The exact mechanism of parathyroid control over 
calcium and phosphorus is unknown. The hormone may act by in- 
creasing mobilization of calcium from bone, or it may act by 
increasing the excretion of phosphate by the kidney thus indirectly 
causing a rise in blood calcium. Kvidence is available to substantiate 
both views. 

Conditions Resulting From Parathyroid Dysfunction. — Certain clin- 
ical conditions are identified with hypoparathyroid and hyperpara- 
thyroid conditions. The most common of these are: 

HYroPARATiiYROiDiSM. — Parathyroid insufficiency is a distressing con- 
dition which fortunately is rather uncommon. It occurs in two forms: 
(1) the so-called idiopathic hypoparathyroidism, and (2) postoperative 
parathyroid insufficiency. The former is rare; the latter follows opera- 
tions on the thyroid gland in about 1.5 per cent of thyroidectomies. 
The symptoms of insufficiency may occur within several days following 
operations on the thyroid or may be delayed for several weeks after op- 
eration. Hypoparathyroidism leads to tetany. 

The clinical picture of postoperative parathyroid insufficiency leading 
to tetany is readily recognized: early symptoms consist of stiffness in 
the muscles of the extremities and face with numbness and tingling in 
the fingers. Carpopedal spasms of the hands may develop. Chvostek, 
Trousseau, and Erb^s signs are positive. The voice becomes hoarse, the 
breathing tends to be stertorous, and later convulsive seizures may oc- 
cur, The blood calcium at this time is low. Intravenous injection of 
calcium will stop the tetany promptly. Laryngeal stridor, carpopedal 
spasm, parestliesms, accompanied by the finding of a low serum calcium 
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(below 8 mg. per 100 cc. of serum) are diagnostic of hypoparathyroid 
ism. Cataracts are present in almost all cases of long-standing duration. 

Treatment, — Parathyroid extracts are of limited value in the treat- 
ment of hypoparathyroidism, or tetany, because tolerance develops after 
a few weeks and the hypocalcemia is no longer affected. 

Acute Tetany, — This condition may be well treated by immediate 
intravenous injection of 20 cc. of 5 per cent calcium chloride solution, or 
10 cc. of 10 per cent calcium gluconate solution. Parathyroid injection, 
25 units three times daily, intramuscularly is indicated and becomes 
effective after about fourteen hours, while the calcium acts immediately. 

Chronic Tetany. — For prolonged treatment of hypoparathyroidism, 
or tetany, activated sterols are indicated. The most widely used 
compound is dihydrotachysterol, also known as A.T. 10, which is closely 
related chemically to calciferol (vitamin Dj). The use of both vitamin 
•D and dihydrotachysterol provide a potent means of treating chronic 
tetany. Vitamin D is given to promote calcium absorption from the 
bowel, and dihydrotachysterol to promote excretion of phosphorus from 
the kidney. 

For treatment, administer 5 cc. of dihydrotachysterol (5 mg. per cc.) 
orally the first day and 2.5 cc. the second day. .\ftor tliis, 0.25 to 1 
cc. may be given daily as needed to keep the calcium level normal. 
Administer vitamin D, 200,000 to 400,000 units of vitamin D to 1 cc. 
)f dihydrotachysterol. Control treatment by simple urinary test for 
?alcium (Albright, J. A. M. A. 112: 2572, 1939). 

HypERPARATHYROiniSM. — This may ri'sult either from adenomas or 
liypertrophy of the parathyroids or from ovt^rdosage of its hormone. 
Enlargement of the parathyroids is observ(*d in such comlitions as 
osteitis fibrosa cystica, osteoporosis, renal calcinosis, metastatic calcifica- 
tions, rickets, osteomalacia, multiple myeloma, nephritis with hypocal- 
cemia and phosphorus retention. All of these conditions are character 
ized by loss of calcium jihosphate from the bones, Init only one — 
osteitis fibrosa cystica — is caused by overactivity of the parathyroids. 
The hypertrophy of the parathyroitls in the other conditions may be con 
sidered as a compensatory reaction tending to oven*ome a condition 
resulting from other cau.ses, i.e., dietary deficiencies in ri<*kets and 
osteomalacia. 

The symptoms of hyperparathyroidism may be divided into three 
groups: (1) those due to bone fli.sease, i.e., <lecal<*ification, pain, frac 

tures, etc., (2) tho.'^e due to renal disease, i.e., formation of calculi, 
polyuria, polydip.sia, etc., and (3) those due to hypercalcemia, i.e., weak 
ne.ss, carffiac irregularities, pains, nausea and vomiting, ete. 

The symptoms which are associated with bone disease include gen- 
eralized decalcification, cysts, giant-cell tumors, fractures, and epulides. 
Almost any skeletal manifestation — a spontaneous fracture, a pain in 
the back, tenderness in the shins — may be the first symptom of the 
disease. 

Treatment. — Acute hyperparathyroid i.sm due to ovt'rdosage of the 
gland extract is associated with loss of water and salts, and renal 
failure. Treat by replacing water and salts. A high phosphate diet 
probably w'ould aid in excretion or deposition of the excess calcium. 
Chronic hyperparathyroid i.sm is b<»at treated by surgical removal of 
tumors and excess gland tissue. 

Standardization. — The U.S.P. Unit of parathyroid activity is 
equivalent to one-hundreth of the amount rerpiired to raise the 
calcium content of 100 cc. of blood serum of normal dogs 1 mg. with- 
in sixteen to eighteen hours after administration. 
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Preparations 

Parathyroid Injection, Injectio Parathyroidei, U.S.P. (Parathyroid 
Solution, Parathyroid Extract). A sterile solution, in water for 
injection, of the water-soluble principle or principles of the 
parathyroid glands, which have the property of relieving the 
symptoms of parathyroid tetany and of increasing the calcium 
content of the blood stream. Dosage: Intramuscular, 25 U.S.P. 
units. The usual size contains 100 U.S.P. units in 1 cc. 

Otlier parnlljyroid preparations are lish*<l i?j fhe X.N.R. 


PANCREAS 

'L'he pancreas is a gland having, in general, two functions: (1) it 
secretes into the intestine a digestive juice containing the enzymes tryp- 
sin, lipase, and amylase; (2) it secretes into the blood insulin, which 
regulates carbohydrate metabolism. 

In 1889. Mering and Minkowski showed that the removal of the pan- 
creas in animals gave rise to symptoms identical with those of diabetes 
mellitus in man. As early as 1909, the word insulin had been pro- 
po.sed to designate the internal secretion of the islets of Langerhans. 
Many attempts were made to secure an extract of pancreas suitable for 
the therapeutic treatment of diabetes mellitus. Finally Banting, Best 
and Collip (1922) obtained a preparation from the islands of Langer- 
hans which was well suited to clinical uses. Insulin was isolated in a 
crystalline form by Abel (1926). The suggested empirical formula is 
C„H„0.,N„S. 

Since its introduction insulin has undergone relatively little modifica- 
tion until Hagedorn and his associates (1936) showed that the blood- 
sugar lowering action of insulin was prolonged when it was combined 
with protamine. Scott and Fisher found that the addition of zinc salt 
to a protamine and insulin mixture further prolongs the activity. 

Recently the use of various instiJins have been perfected. One in- 
teresting observation made by Dixon, et al. (1946), of the Mayo Clinic, 
was that they noted that the total in.sulin requirement was unaffected 
by total pancreatectomy. 

Function of Insulin. — Insulin, the internal secretion of the pancreas, 
is formed in the islet tissue of this organ and passes into the general 
circulation. Its presence is indispensable for the normal maintenance 
of metabolism in mammals. The importance of insulin is appreciated 
upon examination of the physiological disturbances in the body which 
occur in the absence of its secretion (diabetes mellitus). The follow- 
ing are characteristic symptoms: 

1. Pronounced hyperglycemia and glycosuria. 

2. Lowering of respiratory quotient indicating incomplete combina- 
tion of glucose. 

3. Depletion of the glycogen stores in liver, muscle, and other tissues. 

4. Increase in glucose-nitrogen ratio in the urine, likely due to an 
increase in the conversion of protein into glucose. 

5. Development of acidosis due to imperfect fat metaboli.Mm. 
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These symptoms are relieved by the injection of insulin, and a 
normal metabolism is established. 

The following are the principal functions of insulin : 

1. Acceleration of glucose oxidation in the tissues. 

2. Increase in the rate of glycogen formation in the tissues. We 
cannot say dednitely whether insulin has a direct influence on the 
formation of liver glycogen or whether it inhibits hepatic glycogenolysis 
which is caused by other hormones. The fall in blood sugar following 
insulin injection is probably duo to increase in glucose oxidation and to 
the increase in rate of glycogen formation. 

3. Inhibition of carbohydrate formation in the liver from noncarbo- 
hydrate sources. Glyconeogenesis is thought to be under the control of 
certain other endocrine factors. 

4. Prevention of the formation of ketone bodies which are formed as 
a result of incomplete carbohydrate metabolism. 

Mode of Action of Insulin. — It is probable that insulin acts as a 
catalyst to cellular metabolism. Since relatively small amounts are 
necessary (2.5 mg. of crystalline insulin per day for an adult suffer- 
ing from severe diabetes), the catalytic nature of insulin action seems 
quite probable. The nature of the underlying disturbance in diabetes 
is unknown and the mechanism by which insulin produces its effects 
is still unsettled. The scope of this book will not permit discussion of 
the various theories presented to explain the action of insulin. 

Carbohydrate Metabolism. — Carbohydrate metabolism is controlled by 
a welbbalanced interaction of various endocrine principles. The changes 
in metabolism are controlled, on the one hand by insulin and, on the 
other hand, by those endocrine secretions (anterior pituitary, adrenal 
cortex and thyroid) which are apparently antagonistic to the physi- 
ological action of the pancreatic hormone. The exact manner of these 
complex actions is unknown. They may be mediators in some of the 
enzymatic processes associated with metabolism. The view that normal 
metabolism is dependent on the physiological coordination of various 
active agents in the body is compatible with the various experimental 
findings on metabolism now available. 

Hyperinsulinism. — This condition results commonly from improper 
administration of insulin. Occasionally, however, otlu*r factors are the 
cause. Conn (1940) describes three causes: (1) overproduction of 
insulin due to an adenoma of the pancreas, (2) liver disease preventing 
normal rapid storage and release of dextrose, (3) an exaggeration of 
the normal physiological response to food whi<‘h releases excessive 
amounts of insulin. 

Hyperinsulinism produces hypoglycemic states characterized by weak- 
ness, sweating, and dizziness, and even coma and convulsions. 

Treatment . — Hypoglycemia caused by hyperinsulinism may be con- 
trolled by giving sugar or fruit juice by mouth, or by the intravenous 
injection of 20 cc., or more, of 25 per cent dextrose. Epinephrine (1 cc. 
of 1:1,000 solution) given subcutaneously is satisfactory treatment if 
there is adequate glycogen reserve in the body; but administration 
should be followed by sugar orally. 

Surgical removal of tumor may be imlicated if hypoglycemia is due 
to islet adenoma. If hypoglycemia is due to liver disease, especially 
biliary cirrhosis, removal of diseaseil gall bladder may improve liver 
function. Functional hypoglycemia may be satisfactorily controlled by 
a high protein, low carbohydrate diet. 
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IIytoinsumnism, DilibetcH inollitu.s i.s the jiiost eoiiinion condition 
associated with inadequate insulin forum tion. Recently experimental 
diabetes has been induced by intravenous injection of the drug alloxav, 
which has a selective toxic action on the islets of the pancreas. Thus 
far, clinical use of alloxan has not proved very successful. Some re- 
port alleviation of symptoms. 

Diabetes Mellitus. — Deficiency of the insulin hormone results in 
diabetes mellitus. The triad consisting of an increase in frequency 
of urination (polyuria), a great thirst (polydipsia), and an insatiable 
appetite (polyphagia), together with weakness, constitutes the com- 
monest symptoms manifested in diabetes. The diagnosis of diabetes is 
not difficult. The presence of marked glycosuria, a highly elevated blood 
sugar, and acidosis is presumptive evidence and indicates immediate 
treatment. Since minor degrees of glycosuria are observed in many 
nondiabetics, it is necessary to exclude otlier conditions. The glucose 
tolerance test is of great diagnostic value. During this test diabetics 
sliow a sustained inability to metabolize sugar rapidly enough to pre- 
vent hyperglycemia above 120 mg. per 100 cc. two hours after liberal 
intake of sugar. 

Treatment of Diabetes Mellitus . — Satisfactory treatment consists in 
the proper administration of insulin and regulation of diet to prevent 
glycosuria and liyperglyceniia, or keep tliem at a minimum. 

The diet should be adequate in protein and vitamins, pleasing to the 
[)aticnt, and sulticient in amount to maintain a normal weight. 

Insulin Administration . — The aim in the treatment of diabetes is to 
give insulin in sufficient quantity and manner as to duplicate the func- 
tion of the normal pancreas in supplying this material. Amorphous 
or crystal insulins are rapidly absorbed following subcutaneous injection, 
causing marked fluctuations and frequent administrations. Attempts to 
delay insulin absorption resulted in the slowly absorbed product, pro- 
tamine insulinatCf prepared by combining insulin with a protamine from 
fish sperm. loafer, a more effective product, protamine zinc insulin, was 
prepared. This compound is useful in mild diabetes in which a single 
daily (lose suffices to control the disease. 

In relatively severe cases, however, doses sufficiently large to con- 
trol daytime blood glucose may result in hypoglycemia at night. For 
these cases it has been recommended that two morning injections, one of 
r(*gular insulin and one of the protamine zinc insulin, be given. To 
simplify dosage schedules, efforts have been made to add a readily 
absorbable form of insulin to the zinc protamine insulin. 

Other insulin, .Midi ns glolmlin insulin and histone insulin, have been 
developed to delay action. These preparations have an action inter- 
mediate between ordinary insulin and protamine zinc insulin. 

Insulin can b<^ purchased in at least four different concentrations. 
These are designated as U-10, U-20, U-40, and U-80, which means that 
I cc. contains 10, 20, 40 or 80 * ^ units of insulin. 

Mild (‘uses of diabetes mellitus can usually be controlled by diet alone. 
In average cases the initial dose should be fairly low (10 to 20 units, 
once or twice daily) and gradually adjusted to the patient’s needs. In 
severe cases 80 units, or more, may be needed and this is adjusted to the 
patient’s needs. 

Many methods are used in the administration of insulin. The dose 
of insulin and method of administration should be adjusted to the needs 
of the patient. Clinical assays conducted on patients with uncomplicated 
diabetes reveal that one insulin unit will promote the metabolism of 
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approximately 1.5 Gni. of dextrose. Tliis gives the physician a guide 
for insulin administration if he knows Ijow much dextrose the patient 
will derive from his food and how much insulin the patient himself can 
provide. The latter may be determined by measuring the patient’s abil- 
ity to utilize carbohydrate without extra insulin. Bethea (1939) gives 
the following procedure: 

''1. The patient is given an ideal diet. After several days' observa- 
tion, the total amount of sugar excreted daily may be determined and 
insulin administration commenced beginning with 1 unit of insulin for 
each 2 grams of sugar excreted. The patient remains on the same diet 
and the insulin is gradually increased, or diminished, until the amount 
is determined that will keep the individual sugar-normal. 

^‘2. The patient is placed on an ideal diet. Small doses of insulin 
are started and the dosage gradually increased until that amount is 
reached that maintains the individual in the proper state. 

^*3, The patient is put on a low total, low carbohydrate intake until 
lie becomes sugar-normal. If this is found insufficient to meet the re- 
quirements for nutrition and well-being, the diet is gradually increased 
and at first appearance of glycosuria and hyperglycemia, insulin admin- 
istration is started; the diet and the insulin are both increased gradually 
‘ stepwise ' until the proper amount of each has been determined that 
will keep the patient in the proper status. ’ ’ 

Diabetic Coma. — This condition, although now encountered in only 
a small percentage of patients, still remains a problem of importance 
in therapy. The mortality rate is about 12 per cent. The condition may 
follow dietary excess, inadequate in.sulin therapy, nervous shock, hyper- 
thyroidism, and infections. 

The symptoms of diabetic coma are attributable to the accumulation 
of acetone bodies which induces acidosis and reduces the carbon dioxide 
combining capacity of the blood. The initial symptoms are usually 
headache, malaise, nausea, vomiting, and pains in the abdomen and ex- 
tremities. The pulse is rapid, the skin dry, and the pupils dilated. 
Respirations become long, deep, and rapid, indicative of air hunger. The 
breath has an acetone odor. Drowsiness, stupor, and coma follow. The 
blood sugar is greatly elevated, and the urine contains acetone bodies. 

Treatment of diabetic coma consists of (1) bed rest, (2) insulin, (3) 
fluids, and (4) warmth. The initial dose of insulin varies from 20 to 50 
units, followed by doses of 10 to 20 units given at one to three-hour 
intervals until the acetone test is negative. 

Dehydration in diabetic acidosis is marked and may be counteracted 
by the intravenous injection or hypoderraoclysis of physiological saline. 
Gastric lavage, using a 5 per cent .solution of sodium bicarbonate, is of 
value. The early administration of glucose is advocated by some, espe- 
cially if blood sugar is low and acido.sis severe. Later in the treatment 
the administration of glucose as well as insulin is indicated. Sodium 
r-lactate, one-sixth molar, is also useful in the treatment of acidosis. 
This solution may be administered subcutaneously or intravenously. 
When given by vein administer at the rate of 300 cc. per hour (approx. 
60 drops per minute). 

Insulin Resistance and Sensitization, — Occasionally, patients manifest 
a resistance to insulin and in some instances will not respond to 1,000 
units or more.^ There are also infrequent instances of insulin resistance 
in which patients are very resistant to effects of hypoglycemia by 
itself. In such persons, unconsciousness cannot be induced in insulin- 
shock therapy. 
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Insulin hypersensitivity may be manifested in some patients by a 
local reaction or a reaction resembling anaphylactic shock. This is 
caused by some ingredient of the preparation used, e.g., insulin, pro* 
tamine, etc. All patients should therefore be given small initial doses. 
Desensitization can be aifected by very small doses at frequent intervals. 

Insulin 'Reactions, — Insulin reactions may occur following errors in 
dosage, irregular food habits, or following excessive exercise. The re- 
action to insulin is due to hypoglycemia and is accompanied by symptoms 
similar to hyperinsulinism— mainly fatigue, restlessness, malaise, and 
weakness. Severe attacks may have additional symptoms, such as 
pallor, palpitation, tremor and at times severe abdominal pain. Mental 
disturbances, diflSculty of speech, blurring of vision, amnesia and 
delirium are not uncommon. Severe attacks may end in coma and death. 

These symptoms may be relieved by the oral administration of glucose, 
or, if the patient is comatose, by intravenous injection of 20 to 50 grams 
of pure sterile dextrose in a 10 per cent solution. If this is not available 
the administration of diluted corn syrup by stomach tube is indicated. 
Epinephrine hydrochloride (1:1,000) may be administered subcu- 
taneously in amounts varying from 0.3 to 0.5 cc. These measures should 
be followed by sugars orally. 

Other Uses of Insulin 

Insulin Shock Treatment of Schizophrenia, — Insulin has been used 
with some success in the treatment of schizophrenia. Its therapeutic 
action depends on the production of hypoglycemic shock, a procedure 
which is dangerous and should be administered with the greatest care 
and by fully qualified personnel. Obviously it is essential to have 
available at all times a solution of dextrose suitable for treating the 
hypoglycemic state. 

Treatment consists of daily injections of insulin, starting with from 
10 to 20 units, and gradually increasing the dosage until unconsciousness 
is produced. 

Malnutrition, — Insulin has been used in the treatment of nondiabetic 
malnutrition with reported increase in appetite and gain in weight. 
( 'Ure is necessary to avoid symptoms of hypoglycemia. 

Standardization of Insulin. — The IT.S.P. method of assay is based 
on the lowering of blood .sugars in rabbits. The International 
Standard Preparation of Insulin is a crystalline zinc-insulin prepara- 
tion which contains 22 units of activity per milligram. 


Preparations 

Insulin Injection, Injectio InsuHni, U.S.P. (Insulin, Insulin Hydro- 
chloride). An acidified aqueous solution of the active principle 
of the pancreas which affects the metabolism of glucose. The 
potency shall be expre.s.sed in U.8.P. insulin units w'hich are 
equivalent in potency to the unit declared on the label of the 
container of the U.S.P, Zinc-Insulin Crystals Reference Stand- 
ard. Insulin injection is so standardized that each 1 cc. contains 
either 20, 40, 80, or 100 U.S.P. insulin units. Dosage: To be de- 
termined by the physician. 

Protamine Zinc-Insulin Injection, Injectio Zinco-Insulini Protaminatif 
U.S.P. A suspension, in a buffered water medium, of insulin 
modified by the addition of zinc chloride and protamine. Note: 
Protamine zinc-insulin injection differs in its action from that 
of insulin injection, both in time of onset and duration. To 
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secure accuracy of dosage the preparation must be brought into 
uniform suspension by careful shaking before use. 

Dosage: Protamine zinc-insulin injection is administered by 
injection usually into loose subcutaneous tissue. It is never ad- 
ministered intravenously. The dose is to be determined by the 
physician in accordance with the needs of the patient (U.S.P.). 
One dose daily, given either before breakfast, before supper, or 
before retiring, is usually sufficient. 

Gfobin Insulin With Zinc, N.N.R. “Globin insulin (with zinc) is a 
preparation, in a hydrochloric acid medium, of insulin modified 
by the addition of globin (derived from hemoglobin of beef 
blood) and zinc chloride. The quantity of insulin used is such 
that each cubic centimeter of the finished product contains cither 
40 or 80 U.S.P. units of insulin.^' The action is intermediate 
between that of following regular insulin and protamine zinc- 
insulin. The period of greatest effect extends from the eighth 
to the sixteenth hour after injection, almost disappearing at the 
end of twenty-four hours. 

Zinc Insulin Crystals. Zinc insulin crystals are a crystalline prepara- 
tion of the active antidiabetic principle of the internal secretion 
of the islands of Langerhans of the pancreas. The crystals con- 
tain a small amount of zinc (not loss than 0.45 per cent and not 
more than 0.9 per cent), which is chemically combined with the 
active principle. Each milligram of the cryst.als is equivalent to 
not less than 22 units of insulin. The product is marketed in 
the form of crystalline zinc-insulin injection. 

liipocaic 

Lipocaic has been reported by Dragstedt (1940) and his co-workers 
as possibly being a pancreatic hormone which prevents fatty degenera- 
tion of the liver, observed in depancreatized animals maintained on 
insulin. These changes can bo prevented by tlu» addition of raw pan- 
creas to the diet. Dragstedt and his associates prepared a fat-fn,*e 
extract of pancreas which exerts the same action as the fresh pancreas. 
This active principle of the preparation has bemi name] Hpocair. The 
significance of this substance in human dijibetes is still unknown. 

THE ADRENALS 

The adrenals are two small yellowish masses of tissue lying above 
or near the kidneys. Histologically the adrenal gland is composed of 
two distinct parts, the cortex, or outer layer, and the meclullary portion. 
Although closely associated they have different physiological functions 
and are of different embryonic origin. The medulla, being derived from 
sympathetic ganglionic tissue, is of ectodermal origin, the cortex is 
of mesodermal origin. 

Chemistry. — The chemistry of the active principle of adrenal cortex 
resembles that of the sex hormones in several ways. There are a num- 
ber of chemically related compounds obtained from cortical tissue which 
contains some degree of physiological activity. The following are the 
structural formulas of three of the active compounds that have been 
isolated. Desoxycortiemsterone is the most active. 

Definite progress has been made in the development of new synthetic 
products which substitute for the adrenal cortex. Synthetic desoxy- 
corticosterone acetate affects sodium and potassium metabolism but not 
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carbohydrate metabolism. OtJier products, including 11-Dehydro- 
corticosterone, are being tried clinically. Probably a synthetic product 
will soon be available that will afftvt so<iiuni, potaHsiuin, and carbohy- 
drate metabolism. ^ 
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Function of Adrenal Medulla. — The sole fiinetioii, so far as is 
known, is the secretion of epinephrine. The secretion follows stimu- 
lation of the sympathetic nerves, and the action ot this hormone is 
twofold, i.e., it intensifies the action of the sympathetic nerves and 
produces the same results as stimulation of these nerves would have 
produced. 

During quiet life there is a question whether any secretion takes place 
or not. If there is, according to Hoskins (1933), it is below the 
threshold necessary to stimulate the sympathetic nervous system. 
Cannon (1940) has advanced the theory that epinephrine serves the 
organism by aiding in the maintenance of homeostasis in emergencies. 
During secretion of the hormone or following administration of epi- 
nephrine there is, however, constriction of certain arteries, especially 
those which supply the viscera, relaxation of the smooth muscle of the 
intestinal tract and bronchi, increased glycogenolysis in the liver and 
muscle, and many other important actions. See Chapter XIII for de- 
tailed account. 

Conditions Besulting From Dysfunction. — There are no recognized 
clinical syndromes of hyper- or hypo-adrenal medullary action save 
in paroxysmal hypertension associated with tumor of the adrenal medulla. 

Therapeutic Uses. — The uses of epinephrine are taken up in detail 
in Chapter XIII. 

Function of Adrenal Cortex. — The adrenal cortex produces one or 
possibly more hormones which are necessary to life. Animals may 
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live indefinitely with no medullary tissue, but when deprived of all 
cortical tissue, they promptly die. The following functions are im- 
portant: 

Permeability, — The adrenal cortex plays an important role in the 
regulation of membrane permeability. Laboratory experiments indicate 
an increase in cell permeability in adrenalectomized animals. Blood 
capillary walls show an increased permeability so that blood volume de- 
creases and blood pressure falls. Adrenal extract therapy restores this 
unbalance, causing a normal plasma volume and normal blood pressure. 

Pigmentation, — The pigmentation characteristic of Addison’s disease 
may be due to a disturbance in enzyme action. Adrenal extract therapy 
sometimes causes a disappearance of this discoloration. 

Metabolism, — There is some question whether the basal metabolic rate 
in Addison’s disease is subnormal or not. The metabolic disturbances 
present may be explained on the basis of circulatory and nervous system 
changes. Seduction in enzyme activity may be a factor. 

Electrolytic Disturbances, — The most common changes in electrolytes 
are the loss of sodium and retention of potassium by the kidney. There 
is also an increase of potassium in erythrocytes and in skeletal muscle 
cells and a shift of potassium from the liver and heart. Adrenal extract 
therapy to adrenalectomized animals reestablished normal potassium 
relations. 

Carbohydrate Changes. — Patients with Addison’s disease evidence an 
apparent reduction in carbohydrate absorption. With this reduction 
there is a possible increase in utilization. There is also a diminished 
ability to form carbohydrate from noncarbohydrate sources. These con- 
ditions tend to lower the liver glycogen, a condition which is remedied by 
large doses of adrenal extract, corticosterone, and dehydrocorticosterone. 

Nervous System. — Nervous system disturbances, such as insomnia, rest- 
lessness, mental fatigue, and sensory changes, appear early in Addison ’s 
disease. 

Addison’s Disease 

Addison’s disease is the most common condition resulting from in- 
sufficiency of the adrenal gland usually caused by tuberculosis, tumor, 
hemorrhage, or atrophy. The condition is characterized by profound 
asthenia, hypotension, gastrointestinal disturbances, pigmentation, 
anemia and cachexia. Diagnosis is often difficult because of the 
numerous other causes which give ri.se to one or more of those symp- 
toms. Laboratory findings con.si8t of lowered blood calcium and 
elevated potassium, increased blood urea or nonprotein nitrogen, and 
marked reduction in blood volume. The areas of pigmentation seen 
in Addison’s disease are due to excessive accumulation of the normal 
cutaneous pigment melanin. 

Treatment, — Therapy of this condition consists in the restoration of 
the normal state by the administration of water, salt, sugar, and its 
maintenance by use of substitution hormone therapy. 

In mild causes of the disease, the administration of large amounts of 
sodium chloride (6 to 10 Gm.) may suffice. If symptoms permit, 
hormone therapy, such as suprarenal cortex extract (cortin) 10 to 20 cc. 
daily divided in two or three doses and given subcutaneously, is in- 
dicated. 

Desoxy corticosterone acetate is a satisfactory agent for ordinary 
maintenance in Addison ’s disease. It is only a partial substitute, being 
potent in the sodium-retaining action but ineffective in carbohydrate 
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disturbances. Overdosage may cause edema and lieart failure. Tlie 
dosage varies from 2 to 10 mg. intramuscularly daily. Not more 
than 5 Gm. of salt should be administered daily with desoxycortico* 
sterone. 

Pellets of desoxycorticosteroiie acetate when implanted subcutaneously 
produce a prolonged effect, but unexpected rapid absorption may cause 
toxic symptoms. Desoxycorticosterone in a propylene glycol solution 
has been administered under the tongue with favorable results. 

Treatment of A.ddison*8 Crisis, — Place patient in a quiet, dark room. 
Administer by vein an infusion of 10 per cent dextrose. (Continue 
infusion, giving 3 or 4 liters over several hours.) Immediately give a 
subcutaneous injection of 50 to 75 c.c. of suprarenal extract or 5 to 
25 mg. of desoxycorticosterone. Give large amounts of fluid by mouth, 
and continue dextrose and hormonal therapy as indicated by progress 
of patient. Eecovery usually occurs in about twenty- four hours; then 
return patient to ordinary treatment. 

Other Uses: Both cortex extract and desoxycorticosterone have been 
employed extensively in serious burns and following surgery. Unrelated 
to the adrenals it has also been used in small doses in conditions of 
weakness and low blood pressure. The results of therapy in these condi- 
tions are of little consequence. 

Standardisation of Adrenocortical Preparations. — No official standard 
is available. These preparations are standardized on adrenalectomized 
animals. Potency may be expressed in the dog unit — the minimum 
daily dose per kilogram of body weight necessary to maintain a dog 
for a period of from seven to ten days without loss of body weight 
and evaluation of nonprotein nitrogen in the blood. 

Preparation 

Sterile Solution of Adrenal Cortex, N.N.K. 

Desoxycorticosterone Acetate, Desoxycorticosteroni Acetas, U.S.P. 
C 23 H 32 O 4 . Dosage: Intramuscular and implantation — as de- 
termined by the physician according to the needs of the patient 
( U.S.P. ). 

SEX HORMONES 

'riie growth and development, and also the functioning, of the sex 
organs are under the control of various sex hormones. We can rightly 
say that all the hormones are necessary for the normal development 
and function of the reproductive system. These substances act by their 
stimulating and inhibiting and, one might well say, correlating effects on 
the reproductive system. In this discussion all hormones produced by 
the gonads or which exert their chief action on the reproductive system 
will be classifled as sex hormones. 

The sex hormones of special importance at the present time are: 

A. Anterior Pituitary 

1. Pituitary Gonadotropic Hormones 

a. Follicle-Stimulating Hormone (Prolan A) 

b. Luteinizing Hormone (Prolan B) 

2. The Lactogenic Hormone (Prolactin) 

B. Gonadotropic Hormones From Sources Other Than the Pituitary 

1, Chorionic Gonadotropic Hormone 

2. Equine Gonadotropic Hormone 
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O. Ovarian Hormones 

Natural Occurring Estrogens 

a. Estrone 

b. Estriol 

c. Estradiol 

Synthetic Estrogens 

d. Diethylstilbestrol 

e. Hexestrol 

f. Benzestrol 

g. Mestilbol 

h. Ethinyl estradiol 
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Fig. 35. — Interrelationship of the sex homiorieH. 
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2. Progestational Compounds 

a. Progestin (Natural) 

b. Progesterone (Synthetic) 

c. Pregnendione (Synthetic) 

D. Male Sex Hormones 

1. Androsterone (Natural) 

2. Testosterone (Synthetic) 

a. Testosterone Propionate 

b. Methyltestosterone 

A. Anterior Pituitary 

Zondek sums up the importance of the anterior pituitary sex in- 
fluences as follows: 

‘^Without the anterior lobe hormone, no gonad activity! no ovulation! 
no sex rhythm! Without the anterior lobe, atrophy of the sex 
mechanism! Without the anterior lobe, no conception! 

In addition to its other controlling activities the anterior pituitary 
body is the ^'master gland*' of gonad function. Its removal in the 
immature animal or its failure to develop arrests the growth and de- 
velopment of the gonads and accessory organs. In the adult it results 
in the atrophy of the gonads, in both the male and the female, with the 
disappearance of sex instincts and cessation of ova and spermatozoa 
production. That these results are due to lack of hormones normally 
secreted by the pituitary is demonstrated by the fact that injection of 
pituitary extracts restores these organs to their normal condition. 

Pituitary hormones (genuine), the two gonadotropic hormones, and 
the hormone from the serum of pregnant mares, all tend to stimulate 
ovarian function. Pituitary hormones administered by vein are some- 
what dangerous, due to the protein content, while the concentrated 
preparation from the serum of pregnant mares is essentially protein- 
free. Once the follicle has been made to ovulate, and the corpus luteum 
has been formed, pituitary stimulation is still required to sustain the 
action of the corpus luteum (Hisaw, 1935) ; therefore continued treat- 
ment with the gonadotropic hormone is recommended to maintain luteal 
activity. 

The interrelationship between the sex hormones is shown in Fig. 35. 

Pituitary Gonadotropic Hormones, — ^The exact number of gonado- 
tropic principles is a matter of controversy. Most observers now 
accept the existence of two separate factors: the follicle-stimulating 
(prolan A) and the luteinizing (prolan B) hormones. 

Follicle- Stimulating Hormone (F,S,H ,). — This substance produces 
rapid prepubertal development. After puberty it effects follicle ripen- 
ing, maturation of ova, estrus (or menstruation), and uterine hyper- 
trophy. Acting with the luteinizing hormone, it produces completion 
of estrus or the full development of premenstrual endometrium. Both 
hormones act upon the uterus indirectly through the ovary. (See Fig. 
35 .) 

This hormone is prepared from animal pituitary glands, urine of 
menopausal or castrate women, and pregnant mare’s serum. 

Ltttsinistnp Hormone (L.H ,). — ^This substance produces hyperluetein- 
ization, retention of many ova (which become cystic), suppression of 
estrogen by high blood progesterone (hormone of corpus luteum). It 
stimulates the interstitial (Leydig) cells in the male, setting free male 
sex hormone. It also tends to cause atrophy of the Mminiferous tubules 
and penis, loss of libido, and sometimes loss of fertility. 



(;«K MATKKIA MKUICA, ToXITOlAX J Y, AND DllAKM AOOJ.< H I V 


The actions of the gonadotropic hormones of the anterior pituitary 
may be summarized as follows: 

rBipening of follicles, small corpora lutea. 
Follicle>stimulating j Production of estrin, phenomena of estrus. 
hormone 1 Proliferation of epithelium of seminiferous 

I tubules of testes. 


Luteinizing hormone 


Extensive luteinization. 

Retained ova. 

Production of corpus luteum hormone. 

Inhibition of estrin, producing suppression of 
estrus. 

Stimulation of interstitial tissue of testes. 


Summary. — The gonadotropic hormones of the anterior pituitary 
preside over the development and function of the reproductive system 
as well as over secondary sex characteristics in both sexes. In the 
female the follicle-stimulating hormone matures the graafian follicle 
while the luteinizing hormone stimulates the corpus luteum, causing 
production of the ovarian or secondary hormones, folliculin and pro- 
gestin, which regulate the menstrual cycle and implantation of fertilized 
ovum. 

In the male the gonadotropic hormones stimulate descent, develop- 
ment, and function of the testes. 

Therapeutic Uses of Pituitary Oonadotropic Hormones.— Theoret- 
ically one might expect wide clinical use of the gonadotropic hormones, 
but at present they are little used elinically. Their use has been handi 
capped by the lack of pure preparations of individual gonadotropic 
hormones. It may soon be possible to liave separate preparations of 
each for clinical trials. Their practical application has been further 
hindered by the presence of proteins in many of the commercial prepara- 
tions which may cause painful local reactions and occasionally allergic 
reactions. 

Conditions in which gonadotropic extracts have been used with some 
success include: Frdhlich^s syndrome (dystrophia-adiposogenitalis), hy- 
pogenitalism, amenorrhea, menometrorrhagia, sterility, and cryptorchid- 
ism. Mazer (1941) found these substances ineffective in functional 
menstrual disorders. 

Sterility , — Great interest has developed in the subject of sterility. 
The male is sterile in about 20 per cent of infertile marriages. Stimula- 
tion of spermatogenesis in patients with secondary hypogonadism is not 
very satisfactory. It may be possible to cause some stimulation with 
some of the newer pituitary gonadotropins in powder form. 

Lactogenic Hoimone. — This factor causes lactation in animahs 
whose mammary glands have previously been subjected to the 
influence of appropriate amounts of ovarian hormones. Since lac- 
tation ceases following removal of the pituitary, and pituitary 
extracts have the capacity to cause enlargement of the mammary 
glands and stimulate the secretion of milk in nonparturient an- 
imals, it has been suggested that the pituitary secretes a speciflc 
lactation hormone. The ovarian hormones are responsible for the 
growth of the mammary glands, while the lactogenic principle (pro- 
Uctin) is probably responsible only for lactation. The continuation of 
lactation, however, is also dependent upon the intact nervous connec- 
tion of the mammary glands. Milk secretion is also dependent to some 
extent on the stimulus of sucking. 
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There is some evidence to indicate that prolactin is useful in causing 
increased milk production when used in 1l»e Inininn feinule. At pre>eni 
prolactin is of little or no value clinically. 

B. Gonadotropic Hormones From Sources Other Than the Pituitary 

Chorionic Gonadotropic Hormone. — ^The gonadotropic substance ex- 
creted in the urine of pregnant women is a water-soluble substance, 
a glycoprotein containing about 12 per cent of galactose. 

The chorionic gonadotropin differs from preparations from the an- 
terior pituitary in that it has little or no follicle-stimulating effect on 
the ovaries of primates, and it may actually cause degenerative changes. 
In addition, this substance is unable to stimulate any endometrial 
responses, which indicates conclusively the inability of this substance to 
stimulate the growth of normal ovarian structures. 

This chorionic gonadotropin acts also on the male reproductive or- 
gans. Chronic gonadotropin is a satisfactory agent for stimulation 
therapy and testosterone propionate for substitution therapy in hypo- 
gonadism. Chorionic gonadotropin will produce maximum stimulation 
of function only when the testes are capable of showing maximum re- 
sponse to stimulation. Persistent hypopituitarism may so damage the 
testes that no re.spon.se occurs from stimulation. Under the.se circum- 
stances testosterone propionate is indicated. In treatment, the age at 
which it is instituted i.s of vital importance. 8tart treatment at the 
age at which puberty normally sets in, in order to securt* maximum 
growth of genitalia and to prevent skeletal abnormalities. 

Therapeutic Uses. — The anterior pituitary-like (human chorionic 
gonadotropin) hormone from pregnant women has a limited field of 
usefulness in endocrine therapy of women since it has little effect on 
human ovaries. This preparation has had wide use in functional ovarian 
disorders in the past, but the early enthusiasm for its use has waned 
in recent years. It has been shown recently that beneficial responses 
in functional bleeding are no more common with this substance than with 
estrogen or progesterone, indicating that this substance has no specific 
value. It is claimed that pubertal bleeding is responsive to this therapy, 
tt should be administered every two or three days for one or two 
months. If no benefit is obtained the treatment should be stopped since 
there is a possibility of harming the ovaries. Considerable disagree- 
ment exists among the various investigators regarding the type of bleed- 
ing benefited by chorionic gonadotropin obtained from the urine of 
pregnant women. 

The chorionic gonadotropin from human pregnancy urine has been 
used widely in the treatment of cryptorchidism where there are no 
anatomic barriers causing obstruction of the testicular descent. The 
diagnosis of an anatomic lesion can often be made in this manner where 
the therapy fails. Dosage: The usual dose in treating cryptorchidism 
is from 200 to 500 international units two to three times a week. 
Long-continued injections may be dangerous and treatment^ should not 
be maintained after eight weeks in the absence of progressive descent. 
Therapy should be discontinued on the development of signs of 
precocious maturity. 


Prepakations 

Follutein, N.N.K. The water-soluble gonadotropic substances obtained 
from urine of pregnant women. 
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Korotrin, N.N.R. The water-soluble goiiiulotropic substances obtained 
from urine of pregnant women. 

Lyovac Chorionic Gonadotropin, N.N.R. 

Chorionic Gonadotropin, N.N.R. 

Equine Gonadotropic Hormone. — A rich source of gonadotropic 
hormone was found in 1930 by Cole and Hart in the blood serum of 
pregnant mares. This hormone produces effects similar to those 
achieved by extracts of the anterior pituitary gland. Thus it is capable 
of stimulating germinal epithelium of testes and ovaries in animals; 
it can produce fertile ovulation in rats, cows^ and pigs; it can induce 
ovarian growth in primates. A number of investigators report produc- 
tion of ovulation in human beings by means of this gonadotropic 
hormone. It has a prolonged action since it is metabolized very slowly 
ill the body and is not excreted by the kidney. 

Therapeutic Uses. — The gonadotropic hormone from pregnant mares ^ 
serum has a stimulating action on virtually all phases of ovulation and 
testicular activity. Thus it would seem to be applicable in therapy 
whenever gonad stimulating therapy is indicated. While experimental 
findings would indicate a usefulness in hypo-ovarianism, clinical trials 
have as a whole been disappointing. Hamblen and his associates believe 
that good results are obtained by giving equine gonadotropin during 
the drat half of the menstrual cycle to cause follicle growth and 
ovulation, then administering chorionic gonadotropin during the second 
half to promote luteinization. 

The gonadotropic hormone has been recommended for various condi- 
tions such as amenorrhea, functional bleeding, dysmenorrhea, sterility, 
cryptorchidism, and delayed sexual development. 

The therapeutic objective in amenorrhea is to induce follicle matura- 
tion and ovulation by stimulating ovarian activity. The recommended 
dosage of gonadotropic hormone is 200 international units on alternate 
days for a period of fourteen days. Repeat series after a rest of two 
weeks. Functional bleeding is frequently due to a persistent follicle, 
which leads to a proliferative type of endometrium. Through the in- 
fluence of this hormone, ripening of the graafian follicle is encouraged. 
Administer 600 to 1,200 international units (l.TJ.) at the onset of flow, 
or in divided dosage of 200 to 400 I.U. three times during the week 
preceding the first day of menstruation. When dysmenorrhea is con- 
sidered due to deficiency of the follicular hormone (as determined by a 
lowering of the blood serum level of estrogenic substance) gonadotropic 
hormone is recommended. It acts through follicular stimulation. 

Equine chorionic gonadotropin offers considerable promise in the 
relief of sterility attributable to failure of normal ovulation. It acts 
by supplying the deficient follicle-maturing stimulus. The recommended 
dosage is 200 I.U. given on alternate days for the first ten days of the 
cycle, or daily from the seventh through the twelfth day. The last 
dose of either series should be somewhat larger — 400 to COO I.U. This 
gonadotropic hormone in favorable cases not only produces descent of 
the testes but also alleviates the associated signs of hypogenitalism — 
reduction of pelvic fat, increase in size of the testes and penis, and 
the appearance of secondary sex characteristics. Therapy should be con- 
tinuous for prolonged periods. Some recommend 200 I.U. of hormone 
three times a week for several weeks, interrupted by an occasional rest 
period of two weeks. The dosage may be increased to 400 I.U., three 
times a week, if indicated. In the treatment of delayed puberty in 
girls continuous therapy is recommended. 
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Standardization, International standard preparations are available 
for assay of both chorionic and equine gonadotropins; 0.1 mg. of the 
International Standard of chorionic gonadotropin and 0.25 mg. of the 
International Standard of equine gonadotropin contain one unit of 
chorionic and equine gonadotropin, respectively. Assay is based either 
on direct morphologic changes in the gonads or in secondary changes 
in the accessory sex organs. 

O. Ovarian Hormones 

During the last forty years physiologists and chemists have made re- 
markable strides in elucidating the role played by the ovary in the 
mammalian organism. It has been firmly established that in addition 
to producing ova, this gland controls the development and maintenance 
of the female reproductive tract and permits the initiation and con- 
tinuation of pregnancy. Further, it has been clearly demonstrated that 
the ovary is directly under the control of certain secretions of the 
anterior lobe of the pituitary gland, and that the ovary in turn exerts 
its control over the reproductive tract by secreting certain hormones. 

The ovaries produce hormones which are essential for the proper 
functioning of the uterus, particularly for the production of cyclic 
growth processes of this organ and for the development of the decidua. 
In addition, these hormones determine cyclic changes in the growth of 
the mammary gland. It is believed that in addition to intrinsic factors 
situated in the ovary itself, hormones elaborated by the anterior 
pituitary regulate the growth of the follicles, ovulation, and corpus 
luteum formation. 

Estrogens 

The estrogens are substances which produce estrus. They are widely 
distributed, being obtained from both plant and animal sources; 
estradiol synthetic preparations are also available. 

Three natural estrogens arc available in crystalline form: estradiol, 
obtained from ovaries and pregnancy urine; estriol, obtained from 
placental tissue and pregnancy urine; and estrone, obtained from the 
urine of pregnant mares. Preparations of estrogens ‘^solutions of 
estrogens’^ are prepared from pregnant human or pregnant mare urine. 
They are noncrystalline an<l their activity is primarily due to their 
estrone content. 

Action of Estrogenic Hormones. — Estrogenic hormones are capable 
of: (1) producing ^^estrin withdrawal bleeding”; (2) generating an 
intermenstrual type of endometrium; (3) inducing growth of the hypo- 
plastic uterus; (4) relieving the symptoms of the menopause; (5) con- 
verting a ‘‘menopausal” into an “estrous” type of vaginal smear; 
(6) restoring the normal appearance of the vulva and vagina when 
these have become atrophic as the result of the estrogenic deficiency of 
the climacteric; (7) causing painful swelling of the^ breasts; (8) in- 
fluencing proliferation and activation of the epithelium of the mam- 
mary glands; and (9) relieving the pain of dysmenorrhea. 

The injection of potent estrogenic substances will produce in cas- 
trate animals changes in the accessory sex organs which are typical of 
estrus. Long-continued administration will, however, induce hyperplastic 
and metaplastic changes in the uterus and breast. Some observers be- 
lieve that clinical endometrial hyperplasia, chronic cystic mastitis, and 
flbromyomas are due to long-continued estrogen secretion by the ovaries. 

Estrogenic substance is also responsible for the contractility of the 
uterus and the sensitivity of the myometrium to oxytocic agents. The 
smooth muscle of the Fallopian tube also responds to estrogens. 
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Excretion of Estrogens , — The excretion curve of estrogens in the 
aorm&l menstruating woman is irregular and varies from day to day. 
There is generally a peak at the height of follicular activity and an- 
other before menstruation. During pregnancy estrogenic substances 
are excreted in increasing amounts through gestation and for several 
days after delivery, much of the estrogenic material is excreted in a 
combined form of glycuronates which are inactive physiologically. 

A number of synthetic estrogenic hormones are available for clin- 
ical use. These preparations are active orally and are reported to be 
more toxic than the natural product. Their toxicty is of little clinical 
importance provided they are administered properly. The cheapness of 
these substances has been a great boom to many women sutfering from 
disorders associated with ovarian insufficiency. 

Toxicology . — Diethylstilbestrol is representative of the group of 
estrogens. Its toxicology is given. Overdosage of diethylstilbestrol 
will produce toxic symptoms which can be attributed to exag- 
gerated estrogenic action. These include nausea and vomiting, the 
production of \iterine bleeding during continuous therapy, pain- 
ful breasts, and waginal irritation. The occurrence of nausea 
and vomiting is apparently dependent in part on dosage of di- 
ethylstilbestrol and may be controlled or the incidence reduced 
by employing miniinuiu effective dosages. When moderate doses 
(1 mg. or less daily) arc given intermittently, unpleasant reactions are 
infrequent (MacBryde, 1941 ). Blood studies and liver function tests 
have failed to provide definite evidence of toxicity to these organs. The 
administration of large quantities of stilbestiol over long periods of time 
have failed to reveal toxic effects on the blood and urine. In cases 
that came to autopsy, liver, kidneys, and adrenals showed no change that 
could bo attributed to stilbestrol (Davis, 1940 ). 

Diethylstilbestrol is a powerful new synthetic drug, and caution must 
be employed in its use. Patients receiving the drug should be under 
continuous medical supervision. The breasts and pelvic organs should 
bo examined before treatment and at intervals during therapy. It is 
often advisable to check the physiologic estrogenic effect of the therapy 
by vaginal smears. In the treatment of menopause, however, relief of 
symptoms is usually sufficient evidence of the success of treatment. 

Therapeutic Uses of Estrogens. — Estrogens are used as substitution 
therapy in primary disorders of, defects in, or insufficiency of, ovarian 
function. They are especially useful for relief of symptoms associated 
with natural or surgical menopause and for the relief of senile or 
menopausal vaginitis. Estrogens are useful in the suppression of 
lactation. They have been used with success in temporarily arresting 
j)rostatic. (*arcinoma when surgical castration is contraindicated. Estro- 
gen therapy also has been used with success in postcastration symptoms 
in the male. 

MK.XOJ’.WSK 

IMie menopause is the pendod of change accompanied by cessation of 
ovarian activity in women. It may bo characterized by nervousness, 
sweating, and hot flashes. 

In the treatment of menopause an effort should be made to admin- 
ister the minimum amount of estrogen that will control symptoms with- 
out inducing uterine bleeding. Slight spotting which occurs periodically 
is not serious. Treatment should be discontinued until it disappears 
and then resumed. In cases with prolonged and excessive bleeding, 
it is best to discontinue treatment permanently. Patients with fibroids 
and carcinoma of the cervix or fundus should not be given estrogen 
therapy. 
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Treatment, — Symptoms may be alleviated by sedatives, and severe 
oases may be benefited by estrogenic therapy. Diethylstilbestrol may be 
given in doses of 0.10 to 1 mg. daily. Most clinicians are in agreement 
with Novak (1944) that only rarely is a larger dose than 0.1 mg. 
of diethylstilbestrol needed. 

The other estrogens may also be used, hexestrol in dose of 1 mg., 
Ixmzestrol in dose of 3 mg., daily. The natural estrogens may also be 
used — estriol, 60 to 120 mg., three times daily, orally; ethinyl estradiol, 
0.05 mg. daily, orally; or estrone or estradiol benzoate, 1 mg. intra- 
muscularly one to three times a week. 

Recommended dosages of diethylstilbestrol are found in Table XXXI. 
Keep dosage at the minimum necessary for relief. 

Table XXXI 


Recommended Dosage of Diethylstilbestrol, to be Adjusted 'jo 
Individual Requirements 



BY mouth 

AS VAGINAL 

suppository 

BY INJECTION 

Menopause 

0.1 to 1 mg. daily 

0.5 mg. daily 

0.5 to 2 mg. 2 to 
3 times weekly 

Senile 

Vaginitis 

0.1 to 1 mg. daily 

0.5 mg. daily 

0.5 to 2 mg. 2 to 
3 times weekly 

Gonorrheal 

Vaginitis 

20 mg. total given 
over 1 to 3 
weeks 

0.1 mg. daily 
for minimum 
of .3 weeks 

No recommenda- 
tion 

Suppression 
of Lactation 

5 mg. 1 to 3 times 
daily for a total 
of 2 to 4 days 


5 mg. once or 
twice daily for 
a total of 2 to 4 
days 


Senile Vaginitis 

The menopause may be complicated by a thinning of the vaginal and 
perineal epithelium accompanied by intensive itching. Treatment: 
Treat as outlined for menopause. Local application of estrogen sup- 
positories may be indicated to supplement systemic therapy. 

Estrogens found a wide use in the treatment of gonorrheal vaginitis 
in children before the advent of the sulfonamides. The estrogens pro- 
duce a cornified epithelium and an acid reaction in the organs unsuit- 
able for growth of bacteria. 

Menorrhagia and Metrorrhagia 

Menorrhagia means prolonged or profuse flow, and metrorrhagia 
means flow at irregular intervals between periods. 

Treatment: Obviously, hormone therapy should be instituted only 
after a careful diagnosis eliminating other causes of bleeding. Sex 
hormone therapy is reported to be of use in treatment. Smith (1944) 
of the Harvard Medical School recommended the following procedure: 

To those who bleed regularly but too profusely or too long, give 10 
mg. of progesterone and 1 mg. of estradiol intramuscularly on the 
twenty-first day and follow on the twenty-second to the twenty-fifth 
day by 10 mg. of progesterone intramuscularly; three cycles of this 





BIOIX)GICALS 


675 


therapy are usually sufficient. For those whose periods are occurring 
too frequently, the same procedure is used, beginning the injections 
eight days before the anticipated onset of flow and continuing until 
the cycle lengthens. For those having a continuous flowing. Smith ad- 
vised the immediate intramuscular injection of 10 mg. of progesterone 
and 1 mg. of estradiol and then of 10 mg. of progesterone daily for 
the next four days. He said that during this time the bleeding will 
probably decrease or cease and that two to four days later a fairly 
normal period will occur. Counting the beginning of this period as the 
first day, he would have the injections repeated beginning on the twenty- 
first day. Treatment of this sort, lie said, should be given at least twice, 
and it may be required again after a lapse; if the patient is bleeding 
profusely, the daily dose of progesterone may even be raised to 50 mg. 
for a time. Cuyler, Hamblen, and Davis (1942) employ diethylstil* 
bestrol by month in daily doses ranging from 2 to 6 mg. in jdacc of 
estradiol. 

Prostatic Carcinoma 

Diethylstilbestrol causes a regression of the primary growdh and 
relief of pain. However, the results are not as striking as with castra 
tion. Some favor castration and reserve diethylstilbestrol therapy for 
those who show evidence of extragonadal activity or refuse castration. 

The suggested relationship between gonadotropic substance and 
prostatic epithelium is shown below. Androgen activates the prostatic 
or tumor cells. This activation may be measured by the serum acid 
phosphatase. Castration and the removal of the androgen cause a drop 
in the index of activation acid phosphatase, and wo see clinical signs of 
regression of the tumor. 

Adult Prostatic Epithelium 


Androgen 

Activates adult 
prostatic epithelium 


Castration 

1 

Removes androgen 


Estrogen 

I 

Xeut ralizos androgen 


I 

I 

Acid phosphatase 
increases 


Inactivates adult 
prostatic epithelium 

Acid phosphatase 
decreases 


Index of activation Index of inactivation 


Tumor increases Tumor decreases 

Symptoms increase Symptoms decrease 


Dosage . — Some observers recommend the oral administration of 1 mg* 
of diethylstilbestrol three times daily for a period of two to three weeks. 
Then 2 mg. once daily for three or four weeks, this reduced to 1 mg. 
daily indefinitely. 

Other Uses op Estrogens 

Estrogen in oil, applied with a nasal atomizer, has been useil 
in the treatment of atrophic rhinitis. The stimulating effect of 
estrogeim in promoting growth of epithelial mucosa is the basis of 
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this treatment. Estrogens have been uscJ in the treatment of cystic 
mastitis and painful breasts, and for promoting rlie growtli of tlie 
breasts. Tlieir use in these conditions is still in the experimental stage. 

Suppression of Lactatum. —l\ is frequently desirable to cause cessa 
tion of lactation after normal or abnormal parturition. The hormonal 
method is convenient. Estrogens, administered intramuscularly or orally 
in dose of 2,000 I.U. twice daily for three to five days are usually 
sufficient if therapy is started early. If engorgement has set in, 
10,000 I.U. administered intramuscularly for two to three days may 
be indicated. 

Damjer of Induciufj Cn/uv r.- -l^argi* doses of estrogens have been 
shown to increase the incidence of cancer in susceptible animals. 
Whether this holds true in woiiumi treate<l witli estrogens is quos 
tionablc. Novak (1944) said that it is the consensiis that the clinical 
employment of estrogens in the customary therap(‘uti<* dosage presents 
no hazard, but prolonged use of these substances is <*ontraindicatejl 
in persons suffering from cancer or who have a familial history of can 
cer. This alone is one potent argument against the u.«e of proprietary 
cosmetics containing e.strogcnic substances. 

Standardization . — International Standard preparations of estrom* and 
estradiol monobenzoate tire available each unit of activity is 0.1 micro- 
gram. 

Assay methods commoidy u.s(‘d are based on the (‘xaminatiorL of 
vaginal smears in rats and mi<*(' and (m tin' weight increase of the 
uterus of castrated rats. 


iMiKI'AU.VTKKNS 

Kstriol, N.N.K, (Theelol), Orally, 0.0(5 to 0.12 mg. from one to four 
times daily, alone or as supplement to parenteral therfjpy. 
Estrone, Estronum, IT.S.P. (Theelin, Oestrone). Dosafif : I mg. 

(%0 grain). 

Estropenie Substances (Water Soluble/ N.N.K. Largely estrone. 
1,000 to 10,000 unit.s. 

Estradiol, Estradiol, TJ.S.P. ( Dihydrotheelin, Oestradioh. Pnsapr : 
0.2 mg. (3^00 grain'). 

Estradiol Benzoate, Estradiolis 1i( nzoas, I’.S.E. (Oestradiol Benzoate). 
Dosape : 1 mg. graim, otum* j/r twice weekly, intr:imu.seu 

larly in oil solution. 

lienzrstrol, N.N.P. Do.mpc : 2 to .3 mg. 

Jlrxrstrot, N.N.K. Dosape: 2 to .S mg. 

Ethinyl Estradiol, N.N.TL Dosape: O..") mg. 

MrstilhoE N.N.K. Dosape: 0.5 to 1.0 mg. 

Diethylstilbestrol, DiethyJstillH strol , P.S.P. jinsapt : 0..”) mg. < 

grain). 

Diethylstilbestrol ('apsides, ("ap.sulae DiethylsfHbcstr(dis, U.»S.P. Dosape: 
0.5 mg. of diethylstilbestrol (ILS.P. ), usually available in cap 
sules containing 0.5 and 1.0 mg. 

•Diethylstilbestrol Injection, Injectio Diethylstilheshidis, U.fc^.P. A 
.sterile solution of diethyls! ilbe.strol in oil or other suitable solvent, 
containing about 100 per cent of (he labeled amount of the drug. 
Dosape: Intramuscularly, 0.5 mg. of diethylstilbestrol (IT.S.P.), 
usually available in ampuls containing 0.5 or 1 mg. in 1 cc. 



luouxncwLs 


i>^<'t^^yhnihmlroU,, U.S.P. Dosane: 
.licthylsflbestrol (U.S.P.,, available in tablets 

0.1, 0.5, and J.O rng. 

other useful preparations, iradudin^ suppositories, prepara 
< in oil, etc., arc* deserihed in defai) in the N.N.K. 


I )iethylstilbestrol Tablets, 
0.5 mg. of 
containing 
Numerous 
tions 


Progestational Compounds 
(Corpus Luteum Hormones) 

'rho eiidoerino function of the corpus luteum is now well understood. 
I he gland is part of the mechanism of pregnancy (corpus luteum forms 
in the follicle after the ovum begins its journey down the Fallopian 
tube) ; it delivers into the blood stream a substance called proges- 
terone or progestin, which lias the property of inducing development 
of the endometrium, preparing the uterus for reception of the ovum, 
and nutrition of the embryo. 

The hormone of the corpus luteum is available in the form of 
progestin, a crude extract of ovarian tissue, and also as the pure crystal- 
line liormone progesterone. In 19o9 pregneninolone, a substance closely 
related to progesterone, was found to be effective when given by mouth. 
Pregneninolonc is androgenic as well as progestational in its action, oc- 
cording to Emmons and Parker. They have .‘^hown that this substance 
will induce growth of the uterus without preliminary treatment by an 
estrogen, which i.s necc.ssary in the case of progesterone. Pregneninolone 
lias been used clinically with promising results. 

Chemically progesterone is closely related to the estrogenic and 
te.sticular hormones. It can be prepared by oxidizing cholesterol. 
This method now serves for its commercial preparation. Human 
pregnancy urine contains two isomeric pregnanediols designated as 
pregnanediol. Pregnanediol is thought to be derived by reduction 
of progesterone, a view supported by the fact that it can be trans- 
formed into this hormone by oxidation. 

Actions of Progesterone. — The hormone of the corpus luteum, 
progesterone, changes the uterine mucosa to a glandular or secretory 
type in preparation for nidation of the fertilized ovum. If fertiliza- 
tion does not occur, the corpus luteum degenerates, withdrawing the 
progesterone influence, and menstruation occurs. When fertilization 
of the ovum occurs, the corpus luteum persists throughout the greater 
part of pregnancy and its hormone, progesterone, continues to exert 
its protective action on the uterus. Besides the effects mentioned, 
the hormone has been shown to inhibit uterine motility and to sup- 
press menstruation, and to cause acinar development of the breast 
tissue. Although progestin, the crude extract of the corpus luteum, 
has the capacity of duplicating the action of corpus luteuna, proges- 
terone, tli(* pure hormone, frequently requires tlie addition of estrogen 
in order to reproduce the action of the corpus luteum. The effectivc- 
no.ss of progestin is apparently due to the fact that crude extracts 
contain a suflicient amount of estrogen. 

Pregnanediol f derived from progesterone, represents the latter’s 
secretion product in the urine. It appears in the urine conjugated 
with glycuronic acid to form a wmter-soluble compound, sodium 
pregnanediol glycuronidate. Tlie curve of pregnanediol excretion 
parallels the ri.so, activity and retrogression of the corpus luteum 
and is a rough measure of the finictional activity of the corpus 
luteum. 
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( Ethinyltestosterone) 

Synthetic Progesterones 

Therapeutic Uses. — Although progesterone therapy may still be con- 
sidered in the experimental stage, physicians who follow the instruc- 
tions of the more critical clinical investigators have found it useful 
in such conditions as abortion, dysmenorrhea, after-pains of early 
puerperium and in metrorrhagia and menorrhagia. 

In many cases of threatened or habitual abortion, duo to premature 
withdrawal of the corpus luteum hormone, the supplementary admin- 
istration of progestin or progesterone will maintain pregnancy through 
the critical period by maintaining the endometrium in the proper state 
for nutrition of the embryo and by sedative action of the uterine mus- 
culature. Dosage: In treating threatened or habitual abortion, 1 to 
5 mg. of progesterone are injected daily from the beginning of preg* 
nancy, with a gradual reduction in dose until the fourth month when 
therapy is stopped (Grollman, 1941). In cases of habitual abortion 
progestin given hypodermically in doses of 5 units every other day 
until viability of the fetus has proved most effective (Mazer, 1941). 
If progestin is used, one international unit is 1 mg. progesterone. These 
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preparations are in oil solutions for intramuscular injection. The ex- 
perienced clinician has learned to supplement progesterone with vitamin 
E as well as thyroid medication. Certain antispasmodics may also be of 
value to depress uterine contractions. 

The use of progesterone in dysmenorrhea has been advocated on the 
assumption that the disorder is due to hypermotility of the organ. 
Doses of 1 to 3 mg. daily, intramuscularly, for a few days preceding 
menstruation are recommended. Pregneninolone, administered by 
mouth, in doses of 5 mg., has been reported as efficacious. 

After-Pains . — Pains due to uterine contractions following par- 
turition are promptly relieved by 1 international unit of progesterone, 
or progestin. In addition to inhibiting uterine contractions it ap- 
pears that this treatment diminishes pain by preventing an ischemic 
condition of the uterus during a portion of its contraction phase. 
No harmful effects have been reported following this treatment. 

Metrorrhagia and Menorrhagia . — Favorable results have been reported 
following progestin therapy in these conditions. The rationale for 
the use of progestin in these conditions rests on the following observa- 
tions: (1) That corpus luteum is present in the second half of the 

normal menstrual cycle, and menstrual flow begins when the corpus 
luteum degenerates. (2) That progestin administration postpones 
natural menstruation and suppresses artificial menstruation produced by 
estrogen deprivation in castrate monkeys. (3) Progestin has been re- 
ported to counteract bleeding in certain conditions of uterine h3rper- 
plasia. Dosage: The administration of to 1 international unit 
daily for a period of three to six days is recommended. Larger do.ses 
may be indicated. 

Standardisation . — The International Standard preparations of proges- 
terone contain one unit of activity in 1.0 mg. Assay is based on 
progestational change induced in the uteri of immature or ovariec- 
tomized rabbits. 

Pkki’arations 

Progesterone, Progesteronutn, U.8.P. Dosage: Intramuscular, 5 mg. 
(Ms grain). 

Anhydrohydroxyprogesterone, Anhydrohydroxyprogesteroni. IT.S.P. 

(CjiHjgOa). Dosage: K) mg. (% grain), orally. 
Anhydrohydroxyprogesterone Tablets, Tahellac Anhydrohydroxyproges- 
teroni, U.S.P. Dosage: 10 mg. (% grain), usually available in 
5 or 10 mg. tablets. 

D. Male Sex Hormones 

Androgens 

The normal development and maintenance of male sexual charac- 
ters depends on an adequate supply of male sex hormone. Our early 
knowledge of the function of the male sex hormones was obtained 
from castration and transplantation studies. It is only within recent 
years that adequate preparations of the testicular hormone have be- 
come available. 

In the mammalian organism both sexes elaborate male as well as fe- 
male sex hormones. These two hormones are antagonistic, and hence 
it is possible to suppress effects induced by the female sex hormone by 
the administration of an excess of male hormone. 

The procedure of Koch and his co-workers for the determination of 
androgenic activity which utilized the growth response of the capon’s 
comb, provided the necessary tool which finally led to the isolation 
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of the male sex hormones or androgens. Butenandt (1931) is credited 
with the isolation of the male sex hormone, androsterone, from urine, 
but to Ruzicka and his co-workers (1934) belongs the credit for the 
chemical synthesis and the elucidation of the chemical nature of these 
compounds. 

At present the androgens of interest include the urinary androgens 
— androsterone, dchydroandrosterone, and testosterone isolated from 
interstitial cells. Commercially testosterone is prepared synthetically, 
and is generally marketed in the form of testosterone propionate. 
Methyl testosterone has been advanced for oral therapy. The struc- 
tural relationship between the androgens and cholesterol (C^H^OH) 
is shown. Inspection of the respective formulas clearly shows the 
close relation.ship between the male and female sex hormones. 
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Testosterone. — Because of its relatively great androgenic activity, 
its presence in the testes, and its ability to duplicate the actions of 
the testes hormone, it is considered the true testicular internal secre- 
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lion. In all probability the urinary androgens are derived from 
testosterone by chemical changes in the body. 

The testicular hormone, testosterone, is responsible for the develop- 
ment and maintenance of the accessory male organs and charac- 
teristics. Following castration in the male, seminal vesicles, penis, 
and prostate undergo atrophy. Sexual activity is depressed and 
libido is diminished. Testosterone administered by injection restores 
these structures and functions to normal. 

Androgens inhibit tlie activity of the anterior pituitary and gonads 
Spermatogenesis is retarded and may be completely depressed. The 
androgens may also exert certain metabolic effects similar to those pro- 
duced by the adrenal cortex, i.e., virilism and sexual precociousness, 
trophic action on the skeletal musculature, and retention of essential 
cellular constituents. 

The formation of spermatozoa in the testes is not ordinarily in- 
fluenced by mechanical treatment, two types of agents are available 
which produce certain elfects. When the formation of testosterone 
is impossible (eunuchism), direct stimulation is indicated. On the 
other hand, when formation is only deficient (cryptorchidism), testos- 
terone is contraindicated because it may inhibit natural production of 
male hormone. Stimulation by tlie interstitial ccdl hormone from the 
phicenta or pituitary may be effective. For this purpose chorionic, 
gonadotropin is indi<'ate<l. 

Therapeutic Uses. — Androgens are us<mI mainly for replacement 
therapy in eastration and eunuchoidism. It also has been recommended 
for a variety of disorders in women, such as dysmenorrhea, functional 
uterine bleeding, and nicno]>ausal symptoms. 

Eunuchiam which results from castration is best treated by sub 
stitution therapy with testosterone. Treatment is started immediately 
with the patient if an adult, and at ten or twelve years if a child. 
Therapy is continued for life and allows him to continue or become a 
normal male. Eunuchoidism is ti hypogonadism in which some ability 
to produce testosterone remains. This condition is often present in 
cryptorchisin, in the adiposogenital syndrome, and following various in- 
fections of the testes. If deficiency is due to loss or damage to testicu- 
lar tissue, treatment with testosterone is indicated; the stimulating 
effect of chorionic gonadotropin is probably of no value, but may be 
tried. Kesponse may be satisfactory and the use of testosterone with 
its possible suppression of testicular action may be avoided. Tlie use 
of gonadotropin first and then testosterone may bo necessary for full 
response. 

Testosterone may bo giviui intramuscularly as testosterone in oil. 
A <lo.so of 27) mg. three times weekly is believed to produce a maximum 
effect; later, reduction may be possilde. Methyltestosterone is an 
effective oral preparation. The dose is .30 to 60 mg. daily. Pellets, 
for subcutaneous implant titioii and prolonged effect are available, ami 
this type of administration is used whore treatment is well established. 

Androgens in the Female. — The usual action of male sex hormones 
in the female include the following: (1) inhibition of the gonado- 
tropic activity and anterior pituitary; (2) suppression of ovarian fol- 
licle development, ovulation, corpus luteum formation, and inhibition 
of estrogen and progesterone secretion; (3) abolition of menstrual 
cycle; (4) abolition of normal endometrial changes and normal changes 
in vaginal mucosa; (5) prevention of estrogen withdrawal bleeding; 
and (6) induction of masculinization. On the basis of these actions. 
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androgen has been recommended for a variety of female disorders. 
The uses mentioned in the following paragraph are indicative of some 
of its advantages. 

In the female, testosterone produces striking effects and is used 
in the treatment of certain gynecologic conditions. Since testosterone 
inhibits the gonadotropic action of the pituitary it has been used to 
treat menopausal symptoms. Its ability to suppress menstruation has 
been utilized in the treatment of dysmenorrhea and functional uterine 
bleeding. In dysmenorrhea, methyltestosterone, 1*2 tablets of 10 mg. 
per day orally may yield good results in a small number of cases; the 
parenteral administration of 10 to 25 mg. at weekly intervals is 
indicated. Seventy to 150 mg. per month will give good results in 
over half of the patients. Testosterone propionate has proved valuable 
in the alleviation of congestion and the cessation of lactation. The 
implantation of pellets of testosterone propionate is recommended for 
the alleviation of symptoms that usually attend fibromyomas of the 
uterus in those cases in which surgery is contraindicated. Small doses, 
5 to 10 mg. administered on the fifteenth, twentieth, and twenty-fifth 
day of the menstrual cycle, have been found satisfactory in the treatment 
of hypermenorrhea. Larger doses (200 mg.) may be of value in 
stopping severe menometrorrhagia. Methyl testosterone, 10 to 20 mg. 
daily by mouth, has been recommended for treatment of frigidity in 
females (Smith, 1943). 

Shute (1941) found testosterone propionate effective in the treatment 
of nausea and vomiting of early pregnancy. 

Contraindications in the Female, — If symptoms of acne, enlarged 
clitoris, voice changes or hirsutism appear, discontinue testosterone 
therapy. It is safe to administer up to 200 mg. per month. 

Administration. — Testosterone propionate is the form in which the 
male hormone is usually used clinically. It is supplied in sesame oil 
for intramuscular injection and as a 0.2 per cent ointment for per- 
cutaneous administration. In the treatment of hypogonadism the dose 
of testosterone varies from 5 to 25 mg. three times a week until the 
desired action is obtained. A maintenance dose of small size may then 
be given. Nightly administration of the 0.2 per cent ointment may be 
sufficiently effective to maintain the patient. About 4 grams of the 
ointment containing 8 mg. of testosterone per night are indicated. 
Pellets of testosterone propionate have been used for subcutaneous im- 
plantation. This procedure is effective and economical and obviates 
frequent injection. 

Methyl testosterone has recently been prepared synthetically and is 
of interest because of its effectiveness when administered orally. This 
substance has been shown to be as effective orally as one-third to one- 
fourth the amount of injected testosterone propionate necessary for ade- 
quate replacement therapy in castrate animals. On the basis of avail- 
able reports 50 to 100 mg. of this material daily are necessary for 
complete replacement therapy in the castrate. The reports regarding 
the use of this substance in menstrual conditions and prostatism are 
few and inconclusive, hence physicians should prescribe their usage 
with due consideration of the expense involved balanced against their 
possible benefit. 

Preparations 

Testosterone Propionate, Testosteroni Propionas, U.S.P. Dosage: In- 
tramuscular, 25 mg. {^2 grain), usually dissolved in oil for in- 
jection. 
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Mcthyltestosteroiie, Methyltestosteronum, U.S.P. C20H30O2. Dosage: 

Oral, 10 mg. (% grain) ; sublingual, 5 mg. grain). 
Methyltestosterone Tablets, Tahellae Methyltestosteroni, U.S.P. Dosage: 
Oral, 10 mg. (% grain), sublingual, 5 mg. grain), methyl- 
testosterone, usually available in tablets containing these amounts. 

PINEAL 

The pineal gland is a small body situated underneath the posterior 
end of the corpus callosum. The structure of this gland suggests an 
endocrine function, but it is uncertain whether it is an organ of internal 
secretion. Some have reported precocious sexual, mental, and bodily 
development following tumors of the pineal. Most observations have 
been unconfirmed, so final judgment as to the r51e of the pineal gland 
must be reserved until more evidence is available. 

THYMUS 

The rdle of the thymus gland is not known. Numerous reports have 
associated it with growth, but evidence, on the whole, is not con* 
vincing. It is known, however, that the gland is proportionally larger 
at birth than at any other time, and that it continues to grow until 
puberty, after which it undergoes involution. Since thymic involution 
is delayed by castration, but is most pronounced at the age of puberty, 
several investigators believe that the gland is related in some way to 
sexual development. The suggestion has been made that the thymus 
is of importance as a factor in racial development. 

HORMONES OF GASTROINTESTINAL TRACT 

The hormones of the gastrointestinal tract are of great physiologic 
interest. They include gastrin, the hormone that regulates gastric 
secretion; secretin, associated with pancreatic secretion; cholecystohinin 
that activates the gall bladder; enterogastrone and urogastrone, the 
gastric inhibitory hormones; enterocrinin associated with intestinal 
secretions, but distinguished from vasodilator substances, secretin and 
enterogastrone; and duodtuin, an islet-stimulating hormone. Both 
enterogastrone and urogastrone show great promise in the treatment 
of peptic ulcer (Bockus, 1948). 

Space will not permit discussion of these most interesting and prom- 
ising substances. Of interest, however, is the following statement by 
Ivy (1941): Histamine, if it is gastrin, and secretin possess diag- 

nostic value. Cholecystokinin is of potential diagnostic value. En- 
terogastrone and urogastrone possess therapeutic promise.” 

ANTIHORMONES 

Long-continued injections of certain hormones g^ve rise to a lowered 
response or even to complete lack of response on the part of the re- 
cipient to further injections. Collip (1934) explained the phenomenon 
by postulating the presence of antihormones which are considered 
to be antagonistic to the true hormones. More recent investigation 
indicates that the development of neutralizing substances is caused 
primarily by contaminating proteins rather than by the hormone itself. 
Since inactivated extracts still produce the reaction and, since daily 
implants of pituitary fail to induce the inhibitory effects obtained when 
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extracts are employed, it is believed by some tliat the aatihormone-like 
action is due to contaminating substances. Furthermore, it should be 
pointed out that there are no known antibodies for the purified hor- 
mones, i.e., thyroxin, progesterone. Further knowledge of antihormones 
will bo followed with great interest. 
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CHAPTER XXIII 

jMisceltjAneous drugs 

HISTAMINE AND ANTIHISTAMINE DRUGS 

Since histamine has Ijccn sliown to have an important, though partial, 
lole in allergenic relations, much interest and effort has been made to 
develop compounds tliat oppose it. Search for suitable histamine-an- 
tagonizing agents lias resulted in tlie development of several relatively 
nontoxic compounds useful in the symptomatic treatment of certain 
allergenic phenomena. These compounds must, however, bo regarded as 
JKljuiicts to tro{itm(?nt, and do not roplaue fundamental specific methods 
known to iisofiil in the treatment oC allergonic conditions. Tin* 
antihistamine drugs are recent ad<litions to therapeutics. It is believed 
that tut lire investigations may open fields of usefulin*ss for this group 
of drugs. Imlisfriminatf* use may be fraught with toxic reactions and 
slioiiht l)e dis<*(>uraged. 

Histamine 

Histamine, beta-iinina/olylethylamine, a normal eonstituent of the 
body, is a derivative of amino acid histidine. In 1910 Ackerman pre- 
par(‘d synthetic histamine liy the a<*tion of putrefactive organisms on 
the amino ncid histidine. 
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Histidine Histamine 

Pharmacological Action. The histamine formed in the digestive 
tract by bacteria is probably not absorbed. When histamine is admin- 
istered orally, it is also destroyed and has little effect j but when in 
.iectc<l subcutaneously or intravenously, it produces intense direct stimu- 
lation of smooth muscle, ineluding those of the bronchi, intestines, and 
arteries. The arteries and capillaries are dilated and blood pressure 
falls. The salivary, gastric, and pancreatic glands are stimulated. 

In tin’ stomach histamiiu' stinndates the motility and |>roduction of 
gastric juice, in eases of achlorhydria, a common clinical test is to in- 
ject subcutaneously a histamine salt (0.5 mg.). If no gastric acid is 
produced within an hour, probably complete achylia gastrica is pres- 
ent. It is sometimes necessary to do repeate<l tests to elicit acid 
secretion in refractory eases. 

Toxic rfnction^s may follow’ histamine injection, including generalized 
urticaria, severe dyspnea, from bronchial spasm, and severe vasomotor 
reactions. The antidote is epinephriiie; 1 mg. in the blood will neu- 
tralize tln^ effect of 10 mg. of histamine. Kphedrine and aminophylline 
are effective antidotes for bronchial spasm. Since reactions may 
follow the use of I mg. in testing gastric function, 0.5 mg. is recoin - 
mende<l. Besides being employed as a test for gastric function, his 
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tamine has been employed in small increasing dosage as a desensitizer 
in recurrent allergies. It has been recommended in various other con- 
ditions including neurovascular headache, vasomotor rhinitis, neuritis, 
rheumatic affections, multiple sclerosis (Mayo Clinic), and related con 
ditions. Results have not been by any means encouraging, 

Histaminase, an enzyme capable of destroying histamine in vitro, 
appears to have little effect in vivo, although once widely recommended 
for the treatment of allergenic disorders. It fails to modify histamine 
shock and also anaphylactic shock. A number of favorable reports, 
however, appear in regard to the use of histamine. Claims for the 
effectiveness of histaminase in physical allergies, however, appear to 
be unsupported by accepted evidence. Intravenous and intramuscu- 
lar administration of histamine apparently has no effect on the 
histamine present in the body. There is no physiological basis for 
its use, and there is no indication that it is useful in therapy. 


Antihistamine Drugs 

The actions of histamine may be antagonized by a variety of sub- 
stances including benadryl, pyribenzamine, antergan and neoantergan. 
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Pyribenzamine 

( Tripelennamine Hydrochloride) 


Benadryl is one of the most important antihistamine substances 
(W. A. Selle, 1946). Its most important actions are: (1) it has the 
ability to alleviate bronchial constriction ami asthma of histamine or 
anaphylactic shock; (2) it relieves the vasodepressor effects of his- 
tamine; (3) it relaxes smooth muscle. It antagonizes the spasmogenic 
effects of barium and acetylcholine on the guinea-pig intestine. 

Toxic reactions may follow benadryl administration. Full dosage 
may cause drowsiness which may be overcome by caffeine, amphetamine, 
or ephedrine. Nausea, dizzine.s.s, nervousness, muscle twitching, dis- 
orientation, hysterical reactions, and collapse have been reported. 

Benadryl promises to be of therapeutic value in the treatment of 
urticaria, angioneurotic edema, allergic rhinitis, and drug allergies. 
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Kncouragini^ results have been reported following its use in contact 
dermatitis. The use of benadryl m the prevention of transfusion 
reactions suggests that tlic drug may be emcacious in this condition 
(Blumenthal urnl Hoscnberg, 1947). 

The drug is u.sually administered by mouth in doses of 25 to 100 mg. 
three or four times a day. Intramuscularly, it may be given in a solu- 
tion, 10 mg. in 1 ec. Intravenously it may be administered by con- 
tinuous drip or by injection of physiological saline containing 50 to 60 
mg. in 100 cc. 

Vyrihenzamine is another chemical sub.stance with strong autihis- 
lainine properties. Its pharmacologic and toxicologic reactions re- 
semble those of benadryl. It is reported to produce less nausea and 
drowsiness. It is believe<l to be more effective than benadryl in both 
seasonal and nonsensonal allergic rhinitis. 

A NTKKCJAN A N 1) N KO- AXTKH(;AN 

Halpern (1942) [iroparefl a series of ethylem;diamine compounds j 
(»f these, dimethylaniinoetliylbcnzylanilin (antergan) showed promising 
results in various allergic disorders. Later, Lovet and his co-workers 
discovered another (‘thylenediamine derivative, N',X'-dimethyl-N-a- 
p yridyletliyleiu*-diainiiH‘ ( iu‘o-aiitei gan > , which shows great promise in 
allergic eonditi(»ns and is reported to be better toltu-aled than antergan. 
Both antergan and neo-antergan have had little clinical trial in America. 

Still more recently, Halpern of France report(‘d on a new series of 
compounds, the thiodiphonylamine derivatives, which were more effective 
and less toxic in animal experiments than any previously reported. 

Efficiency of Antihistamine Drugs 

(’linically the antihistamine drugs exhibit a powerful antagonism 
to histamine. Two actions arc outstanding -they dry up mucous secre- 
tion and inhibit wli(?aling. Symptoms of urticaria respond dramatically 
ill about 85 to 95 per cent of the patients within twenty minutes (see 
Table XXXTl) following 50 to 100 mg. of the drug. The action is pal- 
liative and symptoms recur after four to six hours. In hay fever the 
antihistamine drugs are benefici.al during the early part of the season 
when there i.s no evid(3nce of secondary infection. In asthma, when the 
disease has progressed to the stage characterized by thick tenacious ex- 
pectoration, benefit from oral administration may not be evidenced. If 
the drug is given intravenously, severe attacks respond temporarily when 

Table XXXI T 

Estimated Efficacy of the Antiuistaminic Drugs 


I’EK CENT OF EFFICACY* 


Urticaria 

85 

to 

95 

Hay fever 

70 

to 

80 

Vasomotor rhinitis 

60 

to 

70 

Asthma: Oral 

40 

to 

50 

Intravenous 

65 

to 

75 

Pruritus of eczema and contact dermatitis 

30 

to 

40 

Migraine 

25 

to 

35 

Gastrointestinal allergy 

Doubtful 


•Based on data of Dr. Carl Arbosnmn, Buffalo, and the review of 
Dr. S. M. Feinberff. 
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other drugs have failed. In allergic shock, antihistainine drugs in doses 
of 10 to 50 mg. are indicated. 

Contact dermatitis and pruritus of allergic eczema are controlled by 
antihistamine drugs. The anesthetic properties of these agents may be 
utilized by topical application in ointments anrl compresses. In gastro- 
intestinal allergy reports indicate that these drugs may be useful in 
some instances. 

Toxic manifestations such as dizziness, drowsiness, and headaches may 
occur in 20 to 25 per cent of patients taking antihistamine drugs. These 
reactions occur more frequently with benadryl than with pyribenzainine 
and neoantergan. Prolonged use (months) has not tl»us far resulted 
ill any demonstrable organic damage. (Cumulative action or addiction 
has not been reported. 

PBOTEIN AND AMINO ACID PBEPABATIONS 

Protein and amino acid preparations may be divided into two general 
classes: (1) mixtures of amino achls essential to human nutrition; (2) 
individual amino acids that are indicated for specific therapeutic 
purposes. 

Preparations of the first class include various protein hydrolysates, 
and mixtures of synthetic amino acids. Protein hydrolysates are arti 
ficial digests of protein derived by acid, enzymatic, or other hydrolysis 
of casein, lactalbumin, or any other suitalde protein. 

Normally there are large reserves of protein and amino acids in the 
liver, muscle, and other tissues. These reserves, however, may be de 
pleted by (1) inadequate protein intake, (2) faulty digestion and 
absorption, (3) increased deman<l, e.g., rapid growth, pregnancy ami 
lactation, (4) increased protein loss, e.g., albiiinimiria, fever, hemor- 
rhage, surgery, etc., or (5) impaired protein synthesis, e.g., liver <lisease. 

The amino acids that are now reganled as indispensable for protein 
synthesis in the human being comprise those which the body cannot 
synthesize and are listed as follows: phenylalanine, tryptophane, riietli 
ionine, lysine, leucine, isoleucine, threonine, valine, histidine, and argiii 
ine. The ten amino aeids are usually fouml in mixtures iiidiealed for 
protein replacement. There is .some question about the imlispensability 
of histidine and arginine in adult man. A mixture of amino acids, com 
bined as in the protein concentrates, never has a biologieal value equal 
to that of the protein itself (Murlin, 1945). Their defieieney, however, 
causes hypoproteinemia, whieh is »lue to a lowered osmotic, pressure of 
the blood, and is the principal cause of e<lema. Madden, et al. (194(5), 
reported that amino acids are not as well utilize<l parentorally as orally, 
and are less well utilized than natural foods. 

Action and Uses. — Clinically, protein hydrolysates are useful for 
maintenance of positive nitrogen balance in conditions in which then* 
is interference with ingestion, digestion, or absorption of food. Thest* 
conditions are most frequently encountered in severe illness and after 
surgical operations involving the alimentary tract. Protein hydrolysates 
should not be employed as a substitute for food proteins if the latter 
can be adequately utilized. It is debatable whether hydrolysates are 
indicated in brief .severe illnes.ses. 

Protein hydrolysates are administered both orally ami intravenously. 
Intravenous injection is contraindicated in severe hepatic insufficiency 
and in acidosis until the latter conditions is corrected. Injections may 
produce toxic effects such as nausea, vomiting, hyperpyrexia, vasodilata 
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tion, abdominal pain, edema at site of injection, phlebitis, and thrombo- 
sis. Most reactions are traced to too raphl administration and lack of 
clean equipment. 

The intravenous preparations are for emergencies. Amounts suf- 
ficient to provide 1.0 Gm. of amino acids per kilogram of body weight 
per day, or more, may be administered with 5 per cent dextrose, saline, 
or Ringer solution, or distilled water to make a final volume of 500 
cc. The rate of injection must be slow. A solution may be admin- 
istere<l intravenously at a rate not to exceed 15 Gm. of amino acid 
per hour. Tn some conditions a slower rate is desirable. 

(finical experience indicates that par<*nteral injections cf amino 
acids are an important nutritional a«lvance but impractical when 
used as the only source of nitrogen over long periods of time (Hotf- 
man, 1947). 

Oral ndm bust rat ion. of juotein hydrolysates are indicated (1) in 
diets of infants allergic to milk, when the allergy cannot be met by 
other foods; (2) in the treatment of peptic ulcer and in ulcerative 
colitis; and (.-1) in supplementing high protein intake when ordinary 
foods are inadequate to accomplish the purpose. Oral preparations 
are quite distasteful and are used flavored or given with vegetable 
juic(\s. Fruit juices are usable but unsatisfactory. 

Dosaftf : There is as yet insufficient information available to give 

tlu‘ t'xact <los<‘ige estinmles for the juniao acids. Probably the daily re 
(juirernents for the individual reijuiring amino acids ranges from 0.3 to 
5 Gm. each, per day. There an* wide variations in individual require 
meats, but it is estimat<*d that the amino acid requirement will or 
dinarily be met by a diet containing 70 Gm. of protein. 

SNAKE VENOMS 

Snake venoms have been put to a number of empirical uses for 
some time. Snake venom has been used for the following purposes: 
(1) to prepare antivenin, (2) for the treatment of hemorrhagic condi- 
tions, (3) for the relief of pain, and (4) to a lesser extent for the 
control of discomfort in tabetic crises, in angina pectoris, and in the 
Parkinson syndrome. 

General Discussion. — The actual composition of snake venom is not 
altogether known. Dr. Adolph Monaelesser defines it admirably as 
follows: Snake venom is composed of a mixture, in variable propor- 

tions, of protein substance, mucus and debris of epithelial cells, some 
fatty matter, and salts such as calcium chloride and phosphate, 
also ammonia and magnesia. The density is somewhat greater than 
that of water, varying in specific gravity from 1.030 to 1.050. The 
proteins contain the various active toxins, which by certain methods 
can be removed or some of them inactivated, ns has been demonstrated 
by research in the New York Zoological Park. ^ ^ 

Generally speaking, the venoms of all snakes are composed of two 
[»rimary elements, a hematoxin and a neurotoxin. The former creates 
great destruction of the reil blood cells and tissues, accompanied by 
swelling, discoloration and other manifestations. The neurotoxin 
produces little swelling, but its action is quite pronounced. It attacks 
the nerve centers, particularly of the sympathetic system, also the 
phrenic nerve. It may cause paralysis of the thoracic muscles to the 
extent of stopping respiration. The two types of toxins are separable 
and each can act without the other. Most venoms contain both 
toxins but in different ratios. 
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An example of the varying proportion of hematoxic and neurotoxic 
elements is well shown by the viper and the Indian cobra. They 
represent two extremes. The symptoms following the viper's bite are 
rapid and dangerous. Swelling and discoloration take place immedi- 
ately. There is oozing of blood from the mouth and conjunctiva and 
even from the stomach. There are bloodlike ejections from the 
bladder. Coma and death may follow in six to twelve hours. On the 
other hand, the bite of the cobra causes slow and moderate swelling 
and little discoloration. DiflSculty in breathing is an initial symptom 
which steadily increases. 

The North American rattlesnakes, the copperhead, and the moccasin 
produce largely a hemolytic reaction, a reaction not as severe as that 
of the Central and South American vipers. 

Pliarmacology of Venom. — Various explanations for the action of 
venoms have been offered: 

1. Analgesic action caused by neurotoxin acting on the subcortical 
centers in the cerebrum. Cobra toxin was found (a) to be antagonistic 
to cerebral convulsions, (b) it influences the temperature-regulating 
center of the brain, (c) it increases mental activity and intelligence in 
non toxic doses, and (d) it has a threshold of pain comparable to the 
effect of opium alkaloids. Furthermore, neurotoxin was found to be slow 
in establishing itself upon the nerve tissues; once fixed to the cell, how- 
ever, its effects are long lasting. Thus, it is conceivable that these ac- 
tions all tend to suppress the sensory impulse — pain. 

2. Lecituinase. — This enzyme changes lecithin to lysolccithin and 
may be a factor in altering nerve conductivity as nerve tissues are 
abundant in lecithin. 

3. Cholinesterase Action. — The curari-like effect of neurotoxin on 
the motor end plates of the muscles points to acetylcholine as a chemical 
transmitter of certain sympathetic effects. Actually, acetylcholine, pres- 
ent in excess in the tissues and produced by over.stimulation of nerves, 
can be neutralized by venom which contains appreciable amounts of 
esterase. Thus the plasma esterase is increased and the transmission at 
the synapse from tissues to nerves, and vice versa, is prevented. 

4. Histamine. — It has been demonstrated that histamine is liberated 
by Australian snake venoms of the hemotoxic type; this is an important 
manifestation of the cytolytic activity of venoms. Histamine output 
varies with different venoms. 

5. Adrenalin. — Snake venoms have the ability of liberating adrenalin 
from the adrenal glands. The adrenalin-like effect of snake venoms, 
their antagonism to insulin and relief of hypoglycemic convulsions may 
play a role in the pharmacological action of venom. 

^erapeutic Uses. — Treatment of Snake Veno7n Poisoning. — The first 
steps are ligation and incision of the wound. Then administer 10 cc. of 
polyvalent serum subcutaneously or, in cases in which symptoms de- 
velop rapidly, it may be given by vein. Repeat dosage if necessary. 
Note: The Antivenin Institute of America produces a polyvalent .serum 
for bites of the rattlesnake, moccasin, and copperhead. The venom of 
these three types, largely of a hemotoxic nature, renders a serum of 
great therapeutic value. 

Hemorrhagic Conditions. — Snake venom has only lecently been recog- 
nized as a rational therapeutic agent in hemorrhagic conditions. The 
venom of Russell's viper, the tiger snake, in high dilutions, will coagu- 
late blood tn vitro and may be used in local bleeding. These venoms 
have relatively high coagulating powers in extreme dilutions (1:10,000 
to 1:100,000 or more) and are useful in external bleeding which may 
occur in hemophiliacs following operative procedure. 
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Moccasin venom seems to be efficacious in the functional type of hem- 
orrhage, i.e., recurrent epistaxis, essential hematuria, and functional 
menorrhagia. 

As an Analgesic. — Cobra venom relieves pain through its action in 
the highest centers of the brain (Macht, 1936). It induces analgesia 
slowly (several days) but its action is much longer acting than that of 
morphine. 

Angina Pectoris. — Intravenous injections of cobra venom every third 
day, beginning with 0.25 cc., followed by 0.50 cc., 0.75 cc., and 1 cc. 
have been used with some success (Bulbrich, 1937). Parkinsonian 
Syndrome. — Gayle and Williams, 1938, obtained good results in two- 
thirds of the patients treated. They administered cobra venom, 0.5 cc. 
the first day and 1 cc. every other day for ten doses. In tabes dorsalis 
excellent results were reported by Rottman (1937). Steinbrocker et al. 
(1940) reported promising results with cobra venom in the treatment of 
arthralgias and related conditions. 

BHUS PREPABATIONS 

Rhus preparations are used for the prevention and treatment of 
dermatitis resulting from contact with jmison ivy, poison oak, and 
sumach. Khus toxicodendron, JRhus diversiloha, and Phus venenata are 
commonly known as poison ivy, poison oak, and poison sumac. The first 
two are probably identical, but poison sumac is Ji distinct species. The 
sap of all tliree contain a toxic substance called unishiol (a dihydroxy- 
benzene with an aliphatic side chain of varying degrees of saturation) 
which will sensitize most people who come in contact with the broken 
leaves or twigs. 

The majority of sensitive persons can be rendered resistant tempo- 
rarily to contact with ivy by large doses of antigen admiiiist(‘red orally. 
Large doses, however, may be dangerous and the immunity is brief. 
Evidence is available which indicates that the subcutaneous injection 
of .several doses of extra<‘t of increasing strength renders many sus- 
ceptible persons immune to contact. The later method probably is to 
be preferred. 

Washing the parts of the body which come in contact with the plant 
with soap and water or with alcohol followed by soap and water removes 
much of the toxic resin and may prevent dermatitis. 

Pkkp.vkations 

l*ois()n Ivy Extract, N.N.R.—A .solution of resin < xtracted from the 
fresh leaves of lihus toxicodendron. For prevention of symp- 
toms of <lermatitis produced by contact with Phus toxicodendron. 
Dosage: For prophylaxis, two injections of 1.0 cc. each may he 
given two weeks apart. 

Poison Oak Extract, N.N.R. — A solution of resin extracted from the 
fresh leavt's of Phus diversiloha. Used for the prevention of 
.symptoms of dermatitis produced from contact with Phus 
diversiloha. Dosage: For prophylaxis, two injections of 1 cc. 
each, separated by an interval of two weeks. 

Poison Sumac Extract, N.N.R. — A solution of a resin extracted from 
fresh leaves of Phus venenata used for the prevention of derma- 
titis produced by contact with Phus venenata. Dosage: Two 
injections of 1 cc. each, separated by an interval of two w^eeks. 
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ARSENIC 

Arsenic has been known as a therapeutic agent for centuries. Al- 
though organic arsenical compounds are of major importance in the 
treatment of syphilis and certain protozoan diseases, other uses of 
arsenic in {>resent-day therapeutics are very limited. 

Arsenic is used therapeutically in the tri valent and pen ta valent 
forms. The trivalent form produces typical arsenic reactions. These 
effects may be induced by the pentavalcnt form by reduction in the 
body to the trivalent form. 

Metallic arsenic is insoluble and nontoxic. When taken by mouth, 
it is inactive, but the compounds wiiich go into solution are all 
protoplasm poisons. 

Pharmacological Action. — Inorganic arsenic possesses alterative, 
tonic and escharotio actions. The general actions of arsenic are due to 
t lie AsOa ion, and not to the element. 

Absorption and Excretion. — Inorganic arsenic is rapidly absorbed 
into the system by any route of administration. It is even absorbed 
sufficiently from the skin to cause poisoning. When injected into the 
blood stream it is found to disappear rapidly and become deposited in 
the tissues. About 20 per cent is slowly eliminated in the feces and urine, 
the rest is stored in the tissues for some time and slowly lost through 
the hair and epidermis. Arsenic may be found in the skin and hair 
for months after it has disappeared from the urine and feces. 

Mode of Action. — The action of arsenic may be due to either the 
oxygen combination, occurring as an ion, or to the arsenic ion 
(As*^^) ; since, however, AsjOa in alkalies ionizes as follows: 

A8,0, 6011- 311,0 + 2AsOr’“ 

As,0, + 3COr 3CO, + 2AsO, - 

it seems probable that the oxygen compound is the active agent. 

Local Action. — The arsenicals are not precipitant and they therefore 
zause little irritation of the skin and mucous membranes, but if left in 
contact with the skin for some time, they produce a local hyperemia 
and even a vesicular pustular eruption. Arsenic is more active when 
applied to denuded surfaces, as it penetrates to some depth and causes 
acute pain. It is more destructive to pathologic cells, as evidenced by 
the fact that cancerous tissue may be destroyed without injury to the 
normal tissue. Since the deep cancerous tissue escapes, it is of no 
value for treatment of cancer. Arsenic causes local injury by first in- 
juring the capillaries which subsequently leads to the death of the 
tissues. 

Workers in arsenic may show local skin effects characterized by pro- 
liferation of the epithelium and, in the more severe cases, atrophy and 
degeneration. 

Action on the Skin. — Arsenic produces a beneficial effect on tlie skin; 
the subcutaneous fat is increased and the complexion is improved. The 
coats of domestic animals, e.g., the horse, are rendered thicker and more 
glossy. The action may be due to an increased blood supply furnished 
to the skin by local vasodilation. 

Large doses in man may cause exfoliative dermatitis, keratosis, and 
a pigmentation or melanosis. This pigmentation may be due to increased 
destruction of the red corpuscles followed by subsequent deposition of 
hemoglobin derivatives. 

Action on the Alimentary Canal. — Therapeutic doses of arsenic, ad- 
ministered orally or by injection, tend to increase the appetite and 
promote digestion. This action is explained by the specific action on 
the epithelium leading to increased secretion. Large doses cause a 
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gastroenteritis and a degeneration of epithelial tissue. The gastro- 
enteritis produced differs from that caused by true corrosives in being 
accompanied by a profuse, serous diarrhea, owing to the greatly in- 
creased permeability of the dilated and paralyzed capillaries. There 
may also occur a fatty infiltration of the epithelial coat resembling a 
false membrane, or there may be only a cloudy swelling and fatty in- 
filtration of the gland cells. The action is thought to be due to the 
extreme dilation of the intestinal vessels which gives rise to an ap- 
pearance of swelling and congestion, which in turn causes edema and 
destruction of the epithelium. 

Action on Metabolism, — The action of arsenic on metabolism resembles 
that of phosphorus. Therapeutic doses check oxidation and favor nutri- 
tion and growth. The bones grow larger and stronger and the nutrition 
of the skin and subcutaneous tissue is improved. Some investigators 
have observed no change in the growth of animals under prolonged 
arsenic treatment other than the production of bone with a greater 
density. Sollmann (1921) found that small doses of arsenic lessened 
the appetite and retarded the growth of rats. In poisoning by arsenic, 
distinct mctfibolic changes occur. Nitrogenous metabolism is increased, 
and the amount of nitrogen passed in tlio urine is also increased. 

If the administration of arsenic is forced, severe anemia may follow, 
with ultimate degeneration of bone marrow. 

Blood, — In certain forms of anemia, such as progressive pernicious 
and posthemorrhagic anemias, arsenic tends to stimulate the formation 
of red blood corpuscles. The improvement in anemias under arsenic 
has been suggested by Hill as being due to some ability of the arsenic 
to increase the resistance of the erythrocytes to dissolution. Other.s 
liavo atiributed the to some unknown a<*ti()n on the bone marrow. 

Action on Nervous System. — Small doses of arsenic, repeatedly given, 
seem to stimulate the nervous system in an unknown manner. Chronic 
poisoning (continuous stimulation) results in inflammation of the 
peripheral nerve tissue.s,*i.e., neuritis. Large doses of arsenic produce 
little inflammation but do cause paralysis of the nervous system and, 
through involvement of the medulla, produce death by respiratory fail- 
ure. 

Action on the Bespiration. — Small doses of arsenic, administered 
orally, have little elfe«*t (m respiration; injected intravenously, arsenic 
tends to increase the respiratory rate. Lethal doses arrest respiration 
l>efore <*ardiac arrest (K*cnrs. 

Action on Circulation. — The mammalian heart is little affected by 
arsenic; but ;i marked fall in blood pres.sure follows tin* injection 
of large doses intravenously. The fall in blood pressure is due to 
dilatation of the capillaries caused by direct action on their walls. The 
vessels of the splanchnic area seem most affected, leading to marked 
congestion of the stomach and bowel. Contributing effects to the fall 
in blood pressure arc a somewhat weakened heart and a slight de- 
pression of the medullary centers. 

Toxicology. — Poisoning by arsenic is usually for homicidal pur- 
poses. Arsenic trioxide, which lacks a distinctive taste, is often used. 
Suicidal cases may occur, and are usually the result of ingesting rat 
poison or Paris green. Accidental poisoning may occur due to the 
wide.spread use of ar.senic compounds in medicine, and in the home. 
Arsenic poisoning in the industries is not very frequent in this 
country. 

Acute Arsenic Poi.sonino. — .A cute poi.^oning may follow the inges- 
tion of white arsenic (arsenic trioxide), of Paris green (copper aceto- 
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arsenite) and of rough on rats’' (arsenous oxide and barium car- 
bonate). These give rise to most of t)ie accidental, homicidal, and 
suicidal cases of acute poisonings. 

The first symptoms of poisoning are those of a violent irritant of the 
gastrointestinal tract, followed by vomiting, diarrhea, and burning pain 
in the abdomen and throat. The vomitus and feces may appear like 
rice water and be blood stained. The skin is clammy, there are cramps 
in the legs, and as the condition progresses, albuminuria, suppression 
of urine, and dehydration complicate the picture. Death may occur 
in a few hours to several days, or the patient may recover. 

A subacute type of poisoning may develop if the drug is administered 
in small doses. The symptoms are prostration, dehydration, gastritis, 
albuminuria, anemia, dermatitis, and coma. Death occurs after weeks 
or months. Sometimes a patient, following an acute attack, develops a 
chronic neuritis, associated with anesthesia, paralysis, trophic dis- 
turbances, and loss of the hair and nails. Symptoms of chronic gastritis, 
anorexia, weakness, and general ill health may occur. 

Post-mortem findings show an irritation of the gastrointestinal tract. 
There may be fatty changes in the organs and degenerative changes in 
the blood vessels. The fatal dose is about 3 grains. 

Treatment of Acute Poisoning. — Treat by emptying stomach, and 
lavage; use warm milk and water for lavage. An emetic mixture of a 
teaspoonful of mustard and a tablespoonful of salt in a tumbler of wa- 
ter may be given. BAL (diinercapto) is now the treatment of choice. 
(See Organic Arsenicals, Chapter IX.) Ferric hydroxide with mag- 
nesium oxide, given in large amounts, is an excellent antidote for 
arsenic. There is formed a loose combination between the ferric hydrox- 
ide and the arsenic, thus limiting its absorption, ('astor oil is indicated 
for cleansing the intestine. Hodiura thiosulfate, in doses of 0.5 gram 
(7^^ grains) by vein or 2 grams (30 grains) by mouth, has been recom- 
mended as a valuable antidote. Some recommend tincture of ferric 
chloride (15 cc.) and magnesia in a glass .of water. Give colonic 
flushings of 4 grains of calcium sulfide to a pint of water. Opium may 
be administered to check vomiting and diarrhea; saline hypodermoclysis 
will stimulate renal elimination. Stimulants, such as digitalis, strych- 
nine, caffeine, etc., may be indicated. 

Chronic Arsenic Poisoning. — Symptoms of chronic poisoning may 
result from continual use of excessive doses of arsenic or from its 
prolonged absorption by those whose work or food brings them in con- 
tact with it. The medicinal use of arsenic, and the manufacture of 
arsenic sprays and of paper colored with arsenic pigments have oc- 
casionally caused chronic arsenic poisoning. Epidemics have occurred 
from drinking beer contaminated with arsenic, and from the use of 
certain cosmetics containing arsenic. 

The symptoms vary with the route of introduction. At first the pa- 
tient complains of weakness and anorexia, with nausea and vomiting 
of small amounts of mucus. Jaundice may be present. There is often 
a low fever. Skin eruptions occur frequently. There may occur skin 
modifications, such as overgrowth of the horny layer, especially of the 
palms and soles. Frequently there appears an arsenic melanosis. 
Anemia is a common re.siilt of prolonged use of arsenic. Multiple 
neuritis may occur; this generally involves the limbs rather than the 
trunk. Paralysis of sensation followed by motor paralysis is not un- 
common. Optic atrophy has been observed. 

Treatment op Chronic Poisoning. — Removal of the patient from all 
contact with arsenic will usually result in gradual disappearance of the 
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symptoms. BAL is adiiiinistcreil as in acute poisoning. Removal of the 
arsenic in the system may be hastencul |)y means of potassium iodide, 
saline enteroclysis, and purgation. The intravenous injection of 10 cc. 
of a 5 per cent sodium thiosulfate solution every other day is recom- 
mended to clear up skin lesions. Ars<*nical neuritis may be aided by 
massage and electric treatment. Strychnine may be given early in the 
disease. Treat symptomatically. 

Tolerance and Habituation. — The habitual use of arsenic leads to 
tolerance; for example^ if an animal is given a daily dose of arsenic, 
beginning with a very small amount and gradually increasing it, 
after some months many times the lethal dose may be given without 
any symptoms of poisoning. The peasants and mountain climbers of 
Styria and Tyrol indulge in arsenic habitually, believing it gives them 
more strength and endurance. Arsenic-eating has been indulged in 
by young women of some countries, including America, with the ob- 
ject of improving the complexion and the figure. 

Therapeutic Uses. — For therapeutic purposes Fowler's solution 
(solution of potassium arsenite) and solution of arsenous acid are 
very useful. The odor of Fowler's solution is disagreeable to some 
patients and is less stable than the solution of arsenous acid. 

Blood Diseases. — Arsenic has proved of temporary value in the treat- 
ment of pernicious anemia^ leukemia, and Hodgkin^s disease. In these 
conditions it is best administered in the form of solution of potassium 
arsenite (Fowler's solution) or a solution of arsenous acid. Arsenic is 
the only drug of any value in the treatment of Hodgkin's disease. The 
nodes recede temporarily, but the ultimate course of the disease is not 
affected. 

Chronic MvELOOENors Leukemia, -.\rsenic in the form of Fowler's 
solution may be used if the cells arc relatively mature. The medication 
may be begun five to six weeks after x-ray therapy, and the dose in- 
creased from three drops three times a day after meals to as high as 
fifteen drops three times a day, unless symptoms of poisoning appear. 
Fowler's solution decreases both the red and the white cell counts, 
and in a patient with leukemia the white celLs are reduced from 1,000,000 
to about 10,000 and the red cells from normal to approximately 2,000,000. 
Arsenic also reduces the size of the spleen and liver. 

Arsenic is an old and tried remedy in pernicious anemia. Fowler's 
solution or solution of arsenous acid may be given, beginning with 3 
drops three times a day, and gradually increasing the dose to 12 or 15 
drops three times a day. 

Skin Diseases. — Arsenic is used externally and internally to improve 
the nutrition of the skin and hair. Many forms of skin diseases, such 
as psoriasis, chronic, eczema and lichen ruber, have responded well to 
arsenic therapy. For example, in the treatment of psoriasis the solu- 
tion of potassium ar.senite, or Fowler's solution, in slowly increasing 
dosage of 1 to 10 minims, well diluted, three times daily for several 
months, is of value when other drugs fail. Arsenic trioxide, ^ 

grain, t.i.d., in tablet form or in the Asiatic pill is recommended by 
Ormsby. Acute inflammatory conditions of the skin may be made worse 
by arsenic. 

In the treatment of lupus erythematosus n paste, consisting of arsenic 
trioxide and acacia, in equal parts, and a saturated solution of cocaine 
hydrochloride is spread over the diseased area, but no more than a square 
inch at a time should be treated. 

Arsenic is used in the treatment of warts. The drug may be applied 
in the form of Fowler's solution, after the lesion has been softened 
with a 5 per cent solution of potassium hydroxide. 
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Nervous and Rheumatic Conditions. — Arsenic has been used with 
some success in chorea, neuralgia, idiopathic epilepsy, arthritis, etc. It 
is thought to be especially adapted to cases exhibiting a periodic charac- 
ter. In chorea it is given in rapidly ascending doses until, in a child 
ten years old, 2.1 cc. (35 minims) of Fowler's solution are taken or 
vomiting appears. In arthritis deformans arsenic must be administered 
early, if good results are to be obtained. 

Malaria. — Arsenic is used internally in the treatment of malaria. 
Patients with profound cachexia respond favorably to this treatment. 
In acute cases it acts favorably, but quinine is a more certain cure. 
In obstinate cases quinine therapy may be reinforced by arsenic, and, 
no doubt, the parasites which are least affected by one drug may be 
acted upon by the other. 

Misceli^aneous Diseases. — The majority of cases of pellagra are 
benefited by arsenic administration. Arsenic has been especially valu- 
able in severe cases of diabetes mellitus, in combination with the usual 
measures. It may be used externally for the eradication of superficial 
growths. Marsden’s paste, consisting of two parts of arsenic trioxide 
and one part of mucilage of acacia, may be used. 

Asiatic pills, for psoriasis: 

Arsenii Trioxidi 

Piperis Pulv. 

Ext. Qentianae 

M. ft. cap. No. lx. 

Sig. : One after each meal 

For pernicious anemia; 

Arsenious Acid Solution . .'JO.OO cc. (fjj) 

Sig.: Begin with three (3) drops as directed. 

Or 

Potassium Arsenite Solution. _ 0.00 cc. ffSis.s) 

Aromatic Elixir q,s. ;u\ 120.00 cc! TflJiv) 

M. Sig.; Teaspoonful with water after nical.v. 

1'reparation.s 

Arsenic Trioxide, Arseni Trioxidum, U.S.P. ( Arseniou.‘^ .\cii|, Ar.senious 
Oxide. Caution. — Ar.seiiic Trioxide (A.SjO;, ) i.s exfremelv poi.son 
ous. Dosage: 0.002 Gm. grain) in ]»ills or >olution.s. HP 
0.001-0.005 Gm. (MwVvj grain). ' *’ 

Ar.senious Acid Solution, Liquor Acidi Arseniosi, N.F. (Arsenic Hydro 
chloric Solution, Arsenic Chlori<le Solution.) Arsoiih' trioxide 
(1%) in diluted hydrochloric acid (5%) and di.stilled water. 
Dosage: 0.2 cc. (Sminini.s). 

Arsenic and Mercuric Iodides Solution, Liquor Arstni ct Ilydrargyri 
lodidorum, N.F. (Donovan's Solution). Dosage: 0.1 cc. 

(1% minims). Liquor Arseni et Hydrargyri Iodide, B.P 0 3-1 
cc. (5-15 min.). ' 

FLUOBIDES 

Sodium fluoride (NaF) is a general protoplasmic poison. It is u.se<l 
to poison cockroaches and rats and is thus of toxicologic interest. 
Sodium fluosilicate is also a poisonous suijstance. 


0.13 Gm. (gr. ij) 
8.00 Gin. (3ij)‘ 
8.00 Gm. (3ij) 
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Toxicology. — Acute poiaoning in elmruetmzed by nausea and vomit- 
mg, abdominal cramps, cyanosis, tremors, ami convulsions. Treat by 
gastric lavage, using calcium chloride solution in limewater. Calcium 
glyconate (10 cc. of 10 per cent solution) may be injected intravenously 
Artificial respiration and external heat may be mvossary. 

The symptoms of chronic poitioning an* mottled teeth in children 
anemia, and slow growth. The source of poisoning is commonly found 
in drinking water, especially in the southwestern states. Treat by re 
im>ving patient from .source of poison. Administer milk or a high 
calcium diet. Dental eonsultatioiis may be advisable. 

Fluorine and Teetb.-^ The relatic»n ot fluorine to the teeth has created 
wide interest. Kpiderniologic studies imlicate that too little fluorine in 
the <lriiiking water results in <‘xcessiv<* dental caries; too much causes 
mottling of the t<‘eth (fluorc»sis). AI(»ttled enamel, or endemic, dental 
tluor(»sis, is caused by excessive amounts of rtiiorides (more than 1.5 
parts per million of flu(»ridiM <luring the juTiod that permanent teeth 
are calcifying. 

Asi n result of recent stmlics «h*iiuuistrating the decided inhibition 
nf ilental caries among users of domestic waters containing 1 part 
per million of fluoride or over, a number of studies have been directed 
toward the mst* of fluorine to prevent the development of caries. One 
of the methods ernjdoyed is the tojdcal application of a 2 per cent 
aipienus solution of S(Mlium Huoride following prophylaxis. Studios 
complete*! indi<‘nte tliat after four treatments, .spaced about a week 
apart, a re*Ui<*tion of about 40 per cent in the incidence of dental 
*‘arii's may b<' (*.\ju‘*‘ied. 

Tli(* Tm*(*haiiism of preventing <lental caries is not known. It has been 
suggested that tluorim* decreases the solubility of the enamel in acid. 
Others beli**v<‘ that it checks the growth of Lactobacilli, but there is no 
t^videuce that t1\n»rine is e1Te<‘tive after the teeth are fully formed. (J. 
Arn. Dent. .\ss. 54: .445, 1947.) However, fluorination of domestic 
waters is exj)ected to reduce the iiici<lence of new caries by as much 
as 4tl to 00 per «*eiit. 

Fluorides in Dentistry. — The application by the dentist of a dilute 
( O.o.') to 2.0 per cent ) :upieous solution of sodium or ])Otassiiim fluoride 
to the permanent teeth of ehihlren immediately after prophylaxis 
appears to have value as a measure for re<lucing the incidence of caries. 
(^Doiincil of Ihmtal Therapeutics, 194S.) 

'riie evidence in respect to tin* use of fluori*les for the control of 
dental <-aries in adults is so limited and inconclusive that no state 
meiit <*an at this time be made as to whether it will or will not re 
dm*e the irnddiMice of ('aries. 


HELIUM 

Helium, which is a noncombiistible, colorless, odorless, inert gas, 
has a molecular weiglit of only 4 and therefore has a specific gravity 
of only one seventh that of nitrogen uml onr-cighth that of oxygtn. 
Helium, argon, kry])toii, neon, ami xenon comprise the rare gases. 
Together they constitute about 1 per cent of the atmosphere. These 
gases are not essential to respiration. In 1934, Harach first used 
helium and oxygen in the treatment of lung diseases. Maytum, et 
al. (1935), reported favorable results in the use of helium in the 
treatment of severe asthma. Eversole (1938) reports its use in 110 
cases, for relief of stridor or obstruction*, 87 per cent obtained either 
complete or partial relief. 
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Action and Uses. — Helium provides an ideal vehicle for the admin* 
istration of anesthetic gases. A mixture of oxygen and helium 
(79:21) is only one- third the weight of air; its ability to diffuse is 
inversely proportional to the square root of its molecular weight or 
approximately twice that of air. 

Its mixture with oxygen in the same ratio as nitrogen-oxygen of the 
atmosphere is used as a less dense substitute for air that must be 
breathed under high atmospheric pressure. Helium-oxygen mixtures, be 
cause of the decreased effort required to breathe them, have been sug- 
gested to relieve various types of dyspnea and to overcome respiratory 
difficulty during inhalation anesthesia. The use of helium as an inert 
component gas of anesthetic-oxygen mixtures is limited to the extent 
by which it displaces oxygen required to meet physiologic needs. It is 
useful with cyclopropane mixtures to reduce inflammability. 

Therapeutic Uses. — Respiratory Obstruction . — Helium is of value in 
obstructive conditions of the upper airway in which a general anes- 
thetic has to be administered, e.g., in retropharyngeal abscess, glottis 
infections, and in edema of Ludwig’s angina. Helium may be used 
with success in the suppression of laryngeal stridor during anesthesia. 
While the use of helium cannot replace the use of en<lotracheal tube, it 
forms a valuable means of passing to a state in which intubation may 
be performed. In some cases it may eliminate the necessity of per- 
forming a difficult intubation or furnish a means of avoiding trache- 
otomy. The use of these gases in proper proportion greatly benefits 
patients with such conditions as acute pulmonary edema, emphysema, 
pulmonary fibrosis, and asthma. The breathing of such a mixture 
makes it possible for a deep sea diver to be decompressed much more 
rapidly. 

In conclusion, it can be said that the addition of helium to the field 
of pneumatology is one of great magnitude. It seems (juite certain 
that helium therapy has definitely establishes! itself in our drug arma- 
mentarium. 

pREPARATIO.V 

Helium, Helium j U.S.P. Contains not less than 95 per cent by volume 
of helium, the remainder consisting mainly of nitrogen. 

GOLD 

Gold compounds are used with marked .‘<ucress in the treatment of 
lupus erythematosus and certain other skin diseases. It is acclaimed 
to be the best single therapeutic .substance in the treatment of rheu 
matoid arthritis, but its use is limited as few rheumatologists and clinics 
have sufficient expi*rience in chrysotherapy. Gold compounds have been 
used also in pulmonary tuberculo.sis and in asthma but with rather 
disappointing results. 

Lupus Erythematosus. — thirative treatment is difficult, and should 
be ill the hands of an expert, (rold salts have been used consider- 
ably; for instance, gold sodium thiosulfate, 10 mg. intravenously, 
weekly for tw'o weeks, then 25 mg. weekly for two more weeks, 
and finally 50 mg. weekly thereafter until I Gin. or more has been 
given. The results are occasionally goood. 

Bheumatoid Arthritis* — The results of gold therapy are not dra- 
matic by any means. However, gold therapy produces notable results 
in perhaps one- third of the patients treated. The preferred compounds 
of gold are gold sodium thiobialate (myochrysine' and gold sodium 
thioglucose. Gold sodium thiosulfate is too toxic, and colloidal gold 
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preparations are useless as they are rapidly removed from the general 
circulation by reticulo endothelial phagocytosis. 

Start treatment with either of the above gohl <*ompounds, using a 
close of 10 mg. weekly given intramuscularly. After two weeks, in- 
crease dose to 25 mg. for six to eight weeks, and then to 50 mg. per 
week. After I Gm. has been given, again increase the dose to 50 mg. 
twice weekly until 2 Gra. has been given. Relief may occur after 300 
to 400 mg. have been given. If no improvement follows use of 1 Gra, 
of gold, abandon treatment. 

Toxic reactions are stated to occur in 20 to 56 per cent of the cases, 
but with proper precautions this incidence may be reduced. The more 
common reactions are urticaria, dermatosis, minor rashes, anil transient 
albuminuria. More serious symptoms include bone marrow depression 
with thrombopenia and granulocytopenia. Finally, parenchymal de- 
generation may appear in the kidneys, liver, or bowel. 

Vigilant watch should be kept of the patient. Examine blood care- 
fully before each of the first four injections. Then examine as fre- 
quently as possible, at least every two or three weeks. Examine the 
buccal mucosa ami skin for lesions. Gastric upsets are indicative 
of toxicity. 

Treatment by UAL has been most gratifying. Unfortunately, BAL 
also has toxic actions of its own (malaise, nausea and vomiting, pains 
in the legs, abdomen, and head, etc.). Dosage: Administer 0.25 cc. 
(10 per cent solution) per 10 kilograms body W4*ight intramuscularly, 
repeated four times at intervals of four hours on the first two days, 
then twice on the third day and only daily on the next five days. (Total 
dose — 2625 mg. BAL.) 

From the reports now available, BAL therapy deserves further trial 
in the treatment of reactions caused by gold salts. 

References 

Histamine and Antihistamine Drugs 

Blumenthal, L. S., and Rosenberg, M.IL: Diphenhydramine Hydro- 
chloride (Benadryl Hydrochloride), J. A. ^f. A. 135: 20, 1947. 
Dragstedt, 0. A.: The Significance of Histamine in Anaphvlaxis, .1. 
Allergy 16: 69, 1945. 

Feinberg, S. M.: Histamine and Aiitihistuminic Agents, Their Ex- 
perimental and Therapeutic Status, .1. A. M. A. 132: 702, 
1946. 

Feinberg, S. M., and Bernstein, T. B.: Tripelennamine ‘‘Pyriben- 
zamine’^ Ointment for the Relief of Itching, .1. .\. M. A. 134: 
874, 1947. 

Levin, S. J.: B-dimethyl-aminoethyl Ben/.hydryl Ether Hydrochloride 
(Benadrvl, Its Uses in Allergic Diseases), .1. Allergy 17: 
145 (May), 1946. 

O^Leary, P. A., and Farber, E. ^L: Evaluation of Betadiinethylamin- 
ethyl Benzhydryl Ether Hydrochloride (Benadryl) in the 
Treatment of Urticaria, Scleroderma and Allied Disturbances, 
Proc. Stair Meet., Mayo Clin. 21: 295-297, 1946. 

Wells, ,J. A., Morris, H. C., Bull, H. B., and Dragstedt, C. A.: Ob- 
servations on the Nature of the Antagonism of Histamine by 
/3-dimcthylaminethvl Benzhvdryl Ether (Benadryl), J. Pharma- 
col. & Exper. Therap. 85: 122, 1945. 



704 MATIOKIA ML^DICA, TOXICOIAXIY, AND I*H ADM ACOLODV 


Protein and Amino Acid Preparations 

Klman, li. : Intravenous Protein Nutrition, Physiol. Kev. 24: 

1944; J. A. M. A. 128: (iotl, 1945. 

Klman, R.: Parenteral Alimentation in Surjjery, New York, 194S, 
Paul B. Hoebor, Inc. 

Hoffman, W. S.: The Clinical Signiticance of Proteins and Amino 
Acids in Surgery, J. Internal. Coll. Surgeons 10; 492 (Sept.- 
Oct.), 1947. 

Snake Venoms 

Maclit, D. L.; Experimental and Clinical Study of (’obra Venom as 
an Analgesic, Proc. Nat. Acad. Sc. 22: 01, i93<). 

— ; Therapeutic Experiences With (<obra Venom, Ann. Int. Med. 11: 
1924, 1938. 

Kottmann, A.: Zur Therapie der senaiblen Reizsymptome bei Tabes 
dorsaThs durch Kobratoxin, Klin. Wchnschr. 16: 1051, 1937. 
Steinbrocker, O., McEachern, G. C., LaMotta, E. P., and Brooks, F.: 
Experience With Cobra Venom in the Arthralgias and Related 
Conditions, ,1. A. M. A. 114: 318, 1940. 

Fluoride 

(.’ouncil on Dental Therapeutics Reports on Topical Application of 
Fluorides, J. A. D. A. 34: 700 (May 15), 1947. 

Knutson, J. W., and Armstrong, W. 1).: The Effect of Topically 
Applied Sodium Fluoride on Dental (\*iries Experience. II. 
Report of Findings for Second 8tudv Year, Pub. Health Rep. 
60; 1085 (September 14), 1945. 

Knutson, J. W., and Armstrong, W. 1).: The Effect of Topically 
Applied Sodium Fluoride on Dental Caries Experience. III. 
Report of Findings for the Third Study Year, Pub. Health Rep. 
61: 683 (November 22), 1946. 

Helium 

Harach, A. E.: Use of Helium as a New Therapeutic Gas, Iboe. 

Soc. Exper. Biol. & Med. 32: 462, 1934. 

Boothby, W. M., Mayo, ('. W., and l»velaee, W. R.; Oxygen and 
Oxygen and Helium Therapy: Recent Advances, M. Clin. 
North America (Mayo Clinic Number) 23: 977, 1939. 

Gold 

Comroe, B. I.: The Use and Abuse of Gold Therapy in Rheumatoid 
Arthritis, J, A. M. A. 128: 848, 1945. 

Ragan, C., and Boots, R. H.: The Treatment of Gobi l)«‘rmatitid(*s, 
J. A. M. A. 133: 752 (March 15), 1947. 



INDEX 


A 

Aa, 51 

Abortion, 678 

progesterone in, 678 
vitamin E in, 678 
Acacia, 130, 131, 622 
mucilage, 69 
syrup, 68 

Acetanilid, 386, 388 
Acetarsone, 270 
Acetic acid, 151 
glacial, 151 
Acetophenetidin, 3S8 
tablets, 388 
Acetylcholine, 421, 543 
Acetvlsalicvlic acid (aspirin), 
396, 398 
tablets, 398 
Acetyltannic acid, 146 
Achlorhydria, 689 

histamine phosphate in, 689 
Acid-producing salts, 562 
Acids, antiseptic, 208 
inorganic, 94 
organic, 3S 
Acne, 225, 228 

ichthaminol in, 225 
sulfur in, 228 
Acranil, 266 
Acridine dyes, 212 
Acriflavine, 213 
Acromegaly, 649 

Activated 7-deh vdrocholesterol, 
595 

Ad, 51 

Addison \s disease, 664 
epinephrine in, 459 
Adjuvant, 49 

Administration, methods of, 19 
Adrenal cortex, sterile solution 
of, 665 
Adrenals, 662 
Adsorbents, 169 
Aerosol, 221 

After-pains, progesterone in, 679 
Agar, 131, 176, 177 
Aglycone, 506 
Agranulocytosis, 637 
pentnucleotide in, 637 
Albumin tannate, 146 
Alcohol, 410 
absolute, 401 


Alcohol — Cont ’d 

action on various organs, 404 

as a food, 495 

dehydrated, 410 

diluted, 410 

effect on digestion, 404 

on growth and progeny, 405 
ethyl, 401 
tests, 115 

influence on infection, 404 
isopropyl, 411 
methyl, 410 
tests, 115 
preparations, 43 

Alcoholic, beverages, labeling of, 
40t) 

preparations, 42 
vehicles, 69 
wet brain, 409 
Alcoholics Anonymous, 409 
Alcoholism, 407 
acute, 407 

amphetamine in, 464 
nikethamide in, 308 
chronic, 408 
Alcohols, 401 
Alkali poisoning, 96 
Alkalies, 96 
Alkaloids, 36 
Alkanol, 221 
Alkenet, 71 

Allergic conditions, amphetamine 
in, 463 

drug actions, 27 

Allergies, antihistamine drugs 
in, 690 

ephedrine in, 461 
histamine in, 690 
A 1 ly 1 - i sosu 1 f oc y a n a t e , 137 
Almond oil, expressed, 128, 129 
Aloe, 180 
pills, 180 
Aloin, ISO 

strychnine and belladonna 
pills, 180 
Alopecia, 139, 227 
cantharides in, 139 
resorcinol in, 227 
Alpha lobeline, 476 
Alphahypophamiiie, 544 
Alphanaphthol, 224 
Alphatocopherol, 599, 600 
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Althea, 77, 131 i 

Alum, 14U, J47 i 

exsiccated, 147 

precipitated, diphtheria toxoid, 

Aluminum acetate solution, 147 
hydroxide gel, 101, H)3 
Amaranth solution, 73 
Amblyopia, 311 
strychnine in, 311 

Amebiasis, -00 j 

carbarsone in, 270 | 

chilli of on (yatren) in, 20il | 

emetine in, 20S | 

emetine‘bisniiith-i(»dide in, 201) 
emetine hydro(*hlori<le in, 20S 
iodochlorohyilroxy^ui noline 
(vioform) in, 201) 
il)ecac in, 20S | 

jienicillin in, 27(» i 

sulfasuxidine in, 270 i 

Amenorrhea, 0r)4, (>70 i 

e(piinine gomolot ropic hornion<‘ ; 

in, 070 
thyroid in, 054 

Amines, 543 ! 

Aininojihylline, 535, 501 
injection, 501 
tablets, 501 
Aminopyrine, 300 
tablets, 300 
Ammonia, 13(5 

liniment, 130 ; 

solution, <liluted, I.'IO 

strong, 130 ! 

spirit, aromatic, 130 
Ammoiiiated iiiercuiy , 100, 2oo 
Ammonium carbonate. l.'lO 
chloride, ION, 504 

capsules, 504 i 

salicylate, 300 j 

Amphetamine ( ben/.cdrine /, 40.1 : 

sulfate, 405 i 

Ampules, 44 i 

Amydricaine hydrochlori<lc*, 405 
Amyg<lalin, 37 
Amyl nitrite, 52N, 533 
Amylsine hydrochloride, 402 ‘ 

Amytal, 352, 353 

sodium, 352, .353 , 

Analeptic, 300 j 

Analgesic, 372 

aminopyrine as, .300 
antipyrine as, 3N0 
dihydromorphiiione hydrochlo* | 
ride (dilaudi<l) as, 370 ; 
meperidine (deinerol) as, 3S0 


Analgesic — (\)nt M 
methadoii as, 3.S1 
morphine as, 370 
salicylic acid as, 302 
Aiiaphrodisiac, bromides as, 350 
Androgens, 070 
in females, OS I 
Androsterone, OHO 
Anemia, 02(5 

folic acid in, (5.31 
iron in, 020 

liver and stomach preparations 
in, 020 

Anesthesia, .312 
caudal, 40S 

procaine in, 40S 
<lepths of, 315 
general, 312 

ilnigs commonly used in, .317 
infiltration, 4Sl 
injection, 4Sl 
intravenous, ,337 
local, 4S2 

cocaine in. 480 
g(‘iu*ral prr)perties of, 482 
methods of production, 480 
rectal, 330 
regional, 480 
relative safety of, .’>1(5 
signs of, 314 
spinal, 40(5 

«*phedrine in, 4*52 
procaim* in, 404 
stages of, .’>14 

Am‘stlieli<* agents, r(*lative po- 
tency of, .31(5 

Anestlietic, local, characteristics 
of ideal, 48:; 
Anesthetics, 4s:; 

local, classilicat ion of. 484 
comparative toxi<*ity of, 483 
Angina peetoris, amyl nitrile in, 
.)>>(> 

ethyl nitrite in, 310 
papaverine in, .5:15 
snake venom in, (505 
trichloroethyl<*ne in, 3.32 
Angioneurotic e<lema, (500 

antihistamine drugs in, (500 
Aiihydrohydroxyprogesterone, (>70 
tablets of, (570 
Animal, drugs from, .’1(5 
Anise, oil, 154 
water, (57 
;\no<lyne, .323 

chloroform as, :i2:i 
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Anorexia, 575 
thiamine in, 575 
Antacids, 155 
cdioice of, 1512 
j^astric, 155 
Antajjonists, 21) 

Antenietic, .‘15i) 
bromides as, 351) 

Anterj^an and neo-aiit<*rjran, <>*M 
Anthelmintics, 257 

clinical imi)ortance, 25S 
Anthiomaline, 2i)5 
Anthraqu.none, ITS | 

Antibiotics, 241) j 

drnj; resistance to, 24S : 

Antidote, l»l ! 

l)a^^ l)l i 

si»e<‘ial, 1)1 , 

strychnine as, 311 | 

tannic acid as, 311 i 

universal, Dl | 

Antiliistamim* «lrujj[s, 51)1 
etlici(‘n<*v of, 51)1 
Antilionnones, 5S3 
Antiinalarial drills, 2S5 ! 

A nti])y reties. 3S5 , 

Antii)yrine, 3S<), 31»)» 

Antiseptic*, 1S5 
d<*linitioi>, 1S5 
solution, 201) 

Antiseptic's and disinfc*ctants, 
1S5 

mode of ac'tion, 1S(» 

A nt ispasniodic, 351 
scopcdjuuinc* as, .’hi I 
Antisyphilitic druy;s, 274 
Antivenom, <i()S 

Antivenom Institute of Ani<*rica, 
(il)4 

Apocodeine, 371* 

Apomorphine, .'’05, 371) 
hydrochloride, 355, 3S() 
nuiction (morphine), llN 
Apothc*caric*s ' wcd^lits and mc*as 
urc‘s, 50 

Acpieous })re]»arati<ms, 11 
A recoline, 434 
Ar^yria, 20:» 

Aromatic elixir, <50 

red, 51) i 

waters, (^7 ; 

Arsenic, 53S, 51)5 | 

!iud mercMiric iodides sedation | 
(Donovan’s scdutioii). i 
700 ; 

classitication, 275 
organic, 274 j 


Arsenic — (\)nt M 

poisoning, l^AL in, 51)S 
trioxide, 150, 153, 700 
ill tobacco smoke, 472 
Arsenical dermatitis, 145) 
tannic acid in, 145 
Arsenicals, common organic, 
classification of, 275 
Arsenous acid solution, 700 
Afsenoxide, 274 

Arsphenamine (salvarsan), 27.S 
silver, 271) 

Arthralgias, snake venom in, 51)5 
Arthritis, 31)7 
arsenic in, 7o0 
cinchophen in, 301) 
rheumatoiel, gold in, 702 
methacholine in, 432 
salie'ylate's in, 397 
vaccine in, 514 
Ascariasis, 252 

(dumopodinm oil in, 253 
lu*xylrese)r(*iiiol ir:, 2)52 
santonin in, 255 
Ascarielol, 253 

Asedtes, merallurieh* sodium solu- 
tion in. 558 

mercuroi)hylline injection in, 
55(S 

Ascorbic acid, 5S5, 581) 
tablets, 589 

Asphyxia neonatorum, niketh- 
amid.* in, 308 
Aspielium, 250 

oleoresin of, 259, 250 
Aspirin (salicylic acid), .395, .398 
Asthma, bronchial, helium in, 702 
nitriles in, 53>:{ 
pai)averine in, 534 
canliac, morphine in, .374 
oxygen in, ,'135 
epheelrine in, 451 
etiinephrine in, 45S 
kephrim* in, 455 
meperieline (demerol) in. .‘IS I 
mort>hine in, 372 
stramonium in, 447 
Astringents, 144 
metallic, 145 
Atabrine, 291 

Atrophic rhinitis, estrogens in, 
575 

Atropine, 4.‘»5 
sulfate, 443 * 
tablets, 443 
Aureomycin, 257 
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Auricular fibrillation, 503 
di^talis in, 514 
quinidine in, 527 
flutter, 503 
digitalis in, 514 
quinidine in, 528 
Autonomic drugs, 419 
Autonomic nervous system, 414 
chief functions, 415 

sympathetic and para- 
sympathetic antago- 
nism, 415 

clinical importance, 418 
functional test, 420 
Avertin, 330 
Avoirdupois weights, 61 

B 

Bacillary dysentery, 246 
Bacitracin, 257 

Bacterial vaccines, mixed, 614 
BAL (dimercaprol), 277 
in mercury poisoning, 195 
Balsam, 38, 140 
Peruvian, 140 
Barbital, 351 
sodium, 351 
tablets, 351 

Barbiturates, picrotoxin in poi- 
soning, 348 

Barbituric acid derivatives, 345 
Belladonna extract, 443 
leaf, 443 
ointment, 443 
plaster, 443 
root, 443 
fluid extract, 443 
tincture, 443 

Benadryl (diphenhydramine hy- 
drochloride), 690 
Bentonite, 75, 170 
Benzaldehyde elixir, compound, 69 
Benzalkonium chloride (zephiran 
chloride), 223 
solution, 224 

Benzedrine (amphetamine), 463 
Benzene (coal tar) poisoning, 463 
Benzestrol, 676 
Benzoic acid, 210 
Benzoin, 141 
tincture, 141 
compound, 142 
Benzol poisoning, 103 
Benzoyl-ecgonine, 485 
Benzyl alcohol, 495 
benzoate, 225, 226 


Benzyl benzoate — ContM 
lotion, 226 
saponated, 226 
Beriberi, 575 
thiamine in, 575 
Betahypophamine, 544 
Betanaphthol, 225 
Bile, bile salts and bile acids, 
164 

Biliary colic, papaverine in, 534 
Bioassay, 39 
chemical, 40 

pharmacological (bio-), 40 
Biologic test (strychnine), 117 
Biotin, 583 
Bismarsen, 279 
Bismuth, 280 

compounds, 161 ♦ 

insoluble, 131 

subcarbonate, 132, 134, 163 
subgallate, 163 
subnitrate, 132, 134 
subsalicylate, 281 
injection, 281 
Bitter tonic, 310 
Bitters, 155 

Bivalent gas gangrene antitoxin, 
610 

Blood anticoagulants, 631 
banks, 616 
coagulants, 635 
derivatives, 618 
substitutes, 621 
transfusion, 616 
direct, 616 
indirect, 617 
whole, 616 

Body temperature, 382 
Boils, ammoniated mercury in, 
199 

Borax, 208 
Boric acid, 208, 209 
ointment, 209 
Botulism, 609 
antitoxin, 609 
Bran, 176 
Brandy, 410 

British Pharmacopoeia (B.P,), 34 
Bromide, 356, 359 
ammonium, 359 
potassium, 359 
sodium, 359 
elixir, 359 
three elixirs, 359 
Bromoderma, 357 
Bromural, 360 
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Bronchitis, counterirritaiits in, 
137 

morphine in, 373 
Brucella vaccine, 611 
Brucellosis (undulant fever), 611 
Brucine, 311 
Burbot liver oil, 595 
Burns, butesin picrate in, 491 
picric acid in, 192 
polymyxin in, 256 
tannic acid in, 146 
Butacaine sulfate, 492 
Butesin picrate, 491 
Butylamino benzoate, 491 
Butylchloral hydrate, 344 

C 

Cacao syrup, 68 
Cadmium poisoning, 100 
Caffeine, 302, 304, 559, 560 
and sodium benzoate, 304 
injection, 305 
citrated, 305 
Calamine, 133 
liniment, 134 
lotion, 134 

Calcium carbonate, 159 
precipitated, 163 
chloride, 564 
mandelate, 296, 297 
phosphate, tribasic, 160, 163 
Calomel, 182 
Camphor, 137 

and soap liniment, 222 
liniment, 138 
monobromated, 138 
spirit, 138 
water, 67, 138 

** Canker sores, nitric acid in. 
151 

Cannabis, 306 
Cantharides, 138, 139 
cerate, 139 
tincture, 139 
Capsules, 47 
(^aramel, 71 

Carhachol (carbamvlcholine chlo- 
ride), 433, 434 
injection, 434 
tablets, 434 
Carbarsone, 270 
Carbon dioxide, 472 

in tobacco smoke, 472 
oxygen mixtures, 336 
disulfide poisoning, 104 
monoxide poisoning, 104 
tests, 119 


Carbon tetrachloride, 261 
poisoning, 101 
Carbromal, 359, 360 
Cardamom, compound tincture, 
70, 155 

(Cardiac asthma, 374 
disease, atropine in, 442 
caffeine in, 304 
glycosides in, 505 
reserve, 502 

Cardiovascular drugs, 500 
Caries, dental, 700 
fluorides in, 701 
vitamin C in, 587 
Carminative, 154 
chloroform as, 323 
Carmine, 71 
solution, 73 
Carotene, 590, 594 
Cascara sagrada, 180, 181 
extract, 181 
tablets, ISl 
fluidextract, 181 
aromatic, 181 
('astor oil, 181 
(kithartics, 170 

anthraquinone or emodin 
group, 178 
choice of, 184 
emollient, 177 
irritant, 178 
oils, 181 
mercurial, 182 
miscellaneous, 183 
plant colloids, 176 
resinous, 181 
Caudal anesthesia, 498 
Caustics or corrosives, 148 
Cellulose, 37 
Cerate, 76 
rosin, 76 
Cerates, 46, 74 

(Vrebnim, stirnnlants of, 302 
('etyl-pyridiiim chloride, 224 
Chalk, prepared, 133 
Chancroid, nitric acid in, 150 
ulcers, zinc chloride in, 152 
(Oiancroidal infection, 247 
Charcoal, 169 
activated, 170 
Chaulmoogra oil, 297 
Chenopodium oil, 262, 263 
Cherry sjTup, wild, 68 
Cheynes-Stokes breathing, amino- 
phylline in, 535 
Chigger bite, ethylaminobenzoate 
in, 492 
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Chiniofon (yatren), 269 
tablets, 269 
Chloral, 342 
derivatives, 341 
hydrate, 342, 344 
Chloramines, 219 
Chloramine-T, 219 
Chlorguanide hydrochloride, 295 
Chlorinated lime, 219 

naphthalene poisoning, 103 
paraiKn, 229 

Chlorine compounds, germicidal 
efficiency of, 218 
derivatives, 217 
Chloroazodin, 220 
solution, 220 
Chlorobutanol, 344 
Chloroform, 139, 321, 323 
anesthesia, cause of death in, 
322 

as anesthetic, 323 
liniment, 139, 323 
spirit, 323 
water, 67, 323 
Chlorophyll, 38 
Chloroquine, 293 
('holecystokinin, <kS 3 
Cholera, 611 
vaccine, 611 
Cholesterol, 680 
Choline, 434, 583 
Chorea, arsenic in, 700 
picrotoxin in, 307 
stramonium in, 447 
Chorionic gonadotropin, 670 
Chromic trioxide, 149 
Chromium trioxide, 153 
Chronic myeloid leukemia, ar- 
senic in, 638 
Chrysarobin, 142 
ointment, 142 
(’hrysophanic acid, 178 
Cinchonism, 287, 399 
Cinchophen, 398, 400 
Cinnamon water, 67 
Circulatory depression, ephedrine 
in, 461 
ergot in, 541 
Cistern injection, 22 
Citrated normal human plasma, 
608, 618 

Citric acid syrup, 68 
Citrin, 589 
Clark’s rule, 64 

Classification of drugs, 122-125 
Clavacin, 25 


Cocaine, 482, 484 

as local anesthetic, 489 
habituation, 488 
preliminary to instrumentation, 
489 

Cod liver oil, 594, 598 

concentrated, 594 
emulsion, 594 
non-destearinated, 594 
with viosterol, 598 
Coramine, 308 

Cornea, ulcerated, fluorescein in, 
214 

Corneal ulcers, iodine in, 152 
morbromin in, 202 
Corns, 151 

acetic acid in, 151 
salicylic acid in, 151, 210 
Coronary circulation, 502 

heart disease, papaverine in, 
534 

thrombosis, digitalis in, 516 
(Corpus lutoum hormones, 677 
Correctives, 49 
Corvza, 290 
Cough, 373, 377, 3S0 

dihydroniorphinono hydrochlo- 
ride in, 380 
(\)unterirritation, 135 
('owling’s rule, 65 
Cream, hand, 74 
vanishing, 74 
Creams, 73 
Oeosote, 191 
carbonate, 191 
Cresols, 190, 191 

saponated solution, 191 
Cretinism, 6.52 
thyroid in, 652 
Cryptorchidism, 669 

chorionic gonadotropin in, 669 
Cudbear (persionis), 73 
compound, 73 
Cupric sulfate, 148, 151 
Curare, 332 

in anesthesia, 333 
Curcuma tincture, 73 
Cushing’s syndrome (pituitary 
basophilism), 649 
Cyanide poisoning, 100 
tests, 116 

(Cyclopropane, 328, 330 
as anesthetic, 328 
Cystitis, hvoscvamus tincture in, 
362 ■ 

potassium permanganate in, 
207 
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D 

Dandruff, 22(5 
resorcinol in, 22(3 
DDT, 229 
Decoctions, 41 
Delinitions, 17 
Dehydroandrosterone, (580 
Dehydrocholic acid, 1(55, 1()(5 
sodium, 1(5(5 

Dehydrocorticosterone, ()(5;i 
acetate, (5(53 

Delirium fever, chloral hydrate 
in, 343 

scopolamine in, 444 
Delirium tremens, 341, 409 
paraldehyde in, 341 
Demerol, 3SU 
Demulcents, 130 

Deni^jes inetho<l (metlivl alco- 
hol), Ilf) 

Dental Kemedies, Aece]»ted (A.D. 
H,), 35 

Deodorant, chlorinHto<l lime, 219 
Dermatitis, 133 
calamine in, 133 
ic lit ham mol in, 225 
])henol in, 190 
Derinatomy<*osis, 228 
sulfur in, 228 
Dennatophytosis, 210 
benzoic acid in, 210 
salicylic a(*id in, 210 
1 )esoxycorti<'osterone, (503 
acetate, (504 
Deterjjents, 222 
synthetic, 222 
Dextraii, 022 

Diabetes iiisipi<lus, ])osterior pi- 
tuitary in, 548, 047 
mellitus, 059 
insulin in, (559 
Diabetic coma, (500 
Dial, 353 
Diaphoretic, 42(5 
pilocarpine as, 420 
Diarrhea, 373 
bentonite in, 170 
betaiiaphthol in, 224 
infant, streptomycin in, 255 
kaolin ir*, 170 
morphine in, 373 
tannic acid derivatives, 145 
Diasone, 298 
Dibenzamine, 469 
Dibucaine hydrochloride, 49(5 
Dichloramine-T, 219 


D i c h 1 o r o-diphenyl-trichloroethane 
(D.D.T.), 229 

Dichlorophenarsine hydrochloride, 
280 

Dicoumarin, 031, 634 
Diethylstilbestrol, 673, (570 
capsules, (570 
injections, 070 
tablets, 077 
Dij^estaiits, 1(53 
Dij^italis, 522 

action on m voce rd luin, 500 
bioassay, 520 
cajisules, 522 
dosa^je for children, 520 
j^lycosides, 505 
group, 504 
infusion, 522 
injection, 522 
maintenance dose, 519 
methods of administration, 519 
])owdered, 522 
l>reparations, 520 
clioice of, 520 
I deterioration of, 521 
proprietary, 521 
tablets, 522 
therapy, 513 
tincture, 522 
Digitoxin, 522 
injection, 522 
tablets, 522 
Digoxin, 522 
injection, 522 
tablets, 522 

Dihydroinorphiiione hydroe.lilo- 
ride, 379, 3S0 
tablets, 3S0 

Diiodo-owwiiiinoliiie (diodoipiin), 
‘ 270 

Diiodotyrosine, 051 
I) i-i s o j) r 0 p V 1 fluorophosphate 
(“D.F.P.”), 434 
Dilantin, 302 
Dilaudid, 379 
Dilling’s rule (dosage), 05 
Diniercaprol (HAL), 277 
Dionin, 379 

Diothane hydrochloride, 492 
Dioxane derivatives, 409 
Dioxyanthranol, 142 
Diphenvlhvdantoiii sodium, 302, 
*303 

Diphtheria, (>()9 
alum precipitated toxoid, 609 
antitoxin, 609 
digitalis in, 517 
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Diphtheria — Cont ’d 
toxin-antitoxin mixture, 609 
diagnostic, 609 
Disinfectant, 186 
definition, 186 
efficiency of, 188 
selection of, 187 
Diuretics, 551 
classification of, 554 
mode of action, 555 
toxicity of, 555 
use of, 553 
Divinyl ether, 331 
Dosage, 63 
for aged people, 65 
for children, 64 
frequency of, 64 
Douche, hot, 23 
Dover’s powders, 376 
Dropsy, 558 

mercurophylline in, 558 
mersalyl and theophvllin in, 
558 

Drug action: 

conditions modifying, 26 
age, 27 

antagonistic, 29 
bacteria and enzymes, 31 
cumulative effect, 29 
disease and pathological 
conditions, 31 
dose, 26 
habituation, 29 
idiosyncrasy, 27 
route of administration, 30 
sex, 27 

size and weight, 27 
solubility, 27 

speed of administration, 29 
subject to which drug is 
administered, 30 
synergistic, 28 
time element, 29 
tolerance, 28 
acquired, 28 
congenital, 28 
mechanism of, 25 
Drug habituation, scopolamine 
in, 362 
solvents, 39 

Drugs, absorption, distribution, 
etc., 24 

classification, 122 
composition of, 36 
detoxification of, 24 
distribution of, 24 . 
excretion of, 24, 25 


Drugs — Cont ’d 
fate of, 24 

methods of administration, 19 
official, 34 

plant, separation processes, 39 
selective action, 26 
source of, 35 
standardization, 39 
what you should know about, 
31 

D-tubocurariiie chloride, 332 
Duo-denin, 683 
Duponal, 221 
Dusting powders, 133 
Dwarfism, 649 
Dyes, 212 
azo, 212 
Dysentery, 70 

bacillary, succinylsulfathiazole 
in, 236 

sulfaguanidine in, 238 
bentonite in, 170 
castor oil in, 1S2 
kaolin in, 170 
polymyxin in, 256 
Dysmenorrhea, atropine in, 441 
etjuine goiiatlotropic hormone 
in, 670 

methyl testosterone in, 682 
progesterone in, 67‘9 
Dyspepsia, charcoal in, 169 
Dystrophia adiposogenitalis 
(Frbhlich ’s svndrome), 
650 

E 

Earache, phenol in, 190 
Ecgonine, 485 

Eclampsia, barbiturates in, 350 
Eczema, 197 

ammoniated mercury in, 197 
calamine in, 133 
chrysarobin in, 142 
ichtharnmol in, 225 
juniper tar in, 143 
phenol in, 190 
pine tar in, 143 
Edema, diuretics in, 564 
formation, 553 
factors favoring, 554 
magnesium sulfate in, 175 
Elixirs, 42, 69 
Elm, 131 
troches, 131 

Embolism, dicoumarin in, 035 
Emetic, 305 
apomorphine as, 805 
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Emetic — Cont M 

copper sulfate as, 1G7 
locally acting, 160 
mustard as, 137 
zinc sulfate as, 107 
Emetine, 268 
bismuth'iodide, 269 
hydrochloride, 268 
Emodin, 178 

Emphysema, helium in, 702 
Emulsions, 42 

Encephalitis lethargica, 447 
stramonium in, 447 
Endocervicitis, 217 
strong iodine tincture in, 217 
Enterocrinin, 083 
Enterogastrone, 683 
Enuresis, 440 
atropine in, 440 
Enzymes, 38 
Ephedrine, 460, 462 
hydrochloride, 462 
sulfate, 462 
tablets, 462 
Epilepsy, 350, 358 
barbiturates in, 350 
bromides in, 357 
<liphenylhvdantoin sodium in, 
363 

nitrites in, 533 
trimethadione in, 364 
Epinephrine, 450, 459 
inhalation, 460 
injection, 460 
solution, 460 
Epitome, 35 

Equine gonadotropic hormone, 
670 

standardization of, 671 
Ergonovine, 539, 542, 543 
maleate, 543 
injection, 543 
tablets, 543 

Ergosterol irradiation, 595 
Ergot, 539, 542 
aseptic, 542 
extract, 542 
fluidextract, 542 
standardization of, 541 
Ergotamine, 467, 539 
tartrate, 469 
tablets, 469 
Ergotoxine, 467, 539 
ethanesulfonate, 468 
Eriodictyon syrup, aromatic, 68 
Ervthrityl tetranitrate tablets, 
533 


Estradiol, 671, 676 
benzoate, 676 
ethinyl, 676 
Estrine, 426 
Estriol, 671, 676 
Estrogenic substances, 076 
Estrogens, 671, 676 
standardization of, 076 
vs. cancer, 676 
Estrone, 671, 676 
Ether, 317, 321 
as anesthetic, 319 
spirit, 321 

compound, 321 
Ethyl alcohol, 401 
chaulmoograte, 297 
chloride, 327, 328 
nitrite spirit, 533 
oxide, 321 
salicylate, 398 

Ethvlaminobenzoate (benzocain ), 
491 

Ethylene, 326, 327 
dichloride poisoning, 102 
Ethylstibamine (neostibosan), 266 
Eucatropine, 448 
Eumydrine, 448 

Eunuchism, testosterone in, 681 
Excipients, 76 
moist, 76 
solid, 77 

Exophthalmic goiter, digitalis in, 
516 

Expectorant, 305 
mixture, 169 
Expectorants, 167 
Extracts, 45 
Extralin, 630 
Extrasystoles, 502 
aininophylline in, 535 
digitalis in, 516 
qiiinidine in, 527 
Eye compresses, 23 

diseases, atropine in, 440 
carbachol in, 434 
physostigmine in, 428 
pilocarpine in, 426 
scopolamine in, 444 
vitamin A in, 591, 592 
salves, 23 
Eyedrops, 23 

F 

Fading purple test (strychnine), 
117 
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Fats and fixed oils, 38 
hydrogenated, 74 
Fennel oil, 154 
water, 67 

Ferric ammonium citrate, 628 
capsules, 628 

chloride test (phenol), 116 
tincture, 628 
subsulfate solution, 628 
Ferrous carbonate mass, 628 
pills, 628 
iodide syrup, 628 
sulfate, 628 
tablets, 628 
Fever, 383 

physiology of, 3<83 
treatment of, 383 
Fibrin, 620 
as glue, 620 
film, 620 
foam, 620 
Fibrinogen, 620 
Filaria bancrofti, 266 
neostibosaii in, 266 
Fixed oils, 44 
Flavoring, practical, 70 
Flavors, relative worth of, 71 
Fluid preparations, 43 
Fluidextracts, 43 
Flukes, 265, 266 
blood, 266 

anthiomaline in, 266 
stibophen (fuadin) in, 266 
Fluorescein dyes, 214 
sodium, 214 
Fluorides, 96, 700 
in dentistry, 701 
Folic acid (pterovlglutamie), 585, 
630 

Follicle-stimulating hormone 
(F.S.H.), 667 
Follutein, 669 

Food, Drug and (’osmetic Act, 56 
Food poisoning, 170 
bentonite in, 170 
kaolin in, 170 
Formaldehyde test, .116 
Fried's rule for infants, 65 
Fuadin, 265 

Functional bleeding, 669 

chorionic gonadotropin hor- 
mone in, 669 

equine gonadotropic hormone 
in, 670 

Furuncles, 200 

ammoniated mercury in, 200 
ichthammol in, 225 


G 

Galactagogue, pituitary as, 546 
Galenical preparations, 34 
Gall bladder disease, morphine 
in, 372 

Gangrene, gas, bivalent antitox- 
in in, 610 
penicillin in, 252 
tetanus antitoxins in, 610 
trivalent antitoxin in, (>10 
infections, 252 
papaverine in, 378, 534 
Gargles, 23 
phenol in, 190 
Gaseous poisons tests, 119 
Gastric achlorhydria, 164 

hydrochloric acid in, 164 
Gastrin, 683 
Gastritis, 132 

bismuth siibearbonate in, 132 
j Gelatin, 621 
j Gelsemiuin, 477 
j Gentian, 155 

j compound tincture, 70, 155 

i violet, 213, 263, 264 

I Gigantism, 649 
j Ginger, 155 
, Ouidextract, 155 
i Glaucoma, 428 
, physostigmine in, 428 
, Globin insulin with zinc, 662 
Globulins, 619 

blood grouping, 619 
Glucose, 563 
as diuretic, 563 
tolerance test, 659 
Glutamic acid hytlrocliloride, 164 
Glycerin, 127, 129 
Glycerite of boroglyeerin, 209 
Glyce rites, 43 
Glyceryl inonostearate, 74 
trinitrate spirit, 533 
tablets, 534 
Glycosides, 37 
Glycyrrhiza, 77 
elixir, 69 
fluidextract, 71 
syrup, 68 
Goiter, 652 
Gold, 702 

DAL in gold poisoning, 703 
Gonadotropic hormones, 669 
chorionic, 669 
equine, 670 

Gonococcic infections, 245 
penicillin in, 252 
Hutfathiazole in, 242 
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Gonorrhea, 147 
vacciiieB in, 013 
zinc sulfate in, 147 
Gonorrheal vaginitis, 074 
estrogens in, 074 
Gout, 399, 400 

cinchophen in, 399 
colchicine in, 399 
ncosinchophen in, 399 
Grain-negative bacteria, poly- 
myxin in, 230 

Granuloma inguinale, stiboplien 
(fuadin) in, 200 
Green ferric ammonium citrate, 
028 

Guaiacol, 191 
Gum resins, 38 
Gums, 37 

Gutzeit’s test (arsenic), IIS 
H 

Habituation, drug, 29 
Halibut liver oil, 595 

with viosterol, 599 
Headache, 387 
acetanilid in, 387 
catfeine in, 304 
salicylates in, 390 
tetraethylammonium chloride 
in, 477 

H€»art, 500 

characteristics, 500 
disease, 459, 402 
digitalis in, 507 
ephedrine in, 40)2 
epinephrine in, 459 
oxygen in, 335 
papaverine in, 378 
initiation of beat, 501 
muscle, 500 
nervous control, 500 
Heat centers, 383 

control, factors regulating, 382 
exhaustion, caffeine in, 304 
Helium, 701 
Hematinics, 024 

Hemolytic streptococcic infec- 
tions, 237, 2.39 
sulfadiazine in, 237 
sulfnnierazine in, 239 
sulfanilamide in, 240 
sulfapyrazine in, 241 
Hemorrhage, 374 
epinephrine in, 458 
ergot in, 541 
iron in, 027 


Hemorrhage — Cont ^d 
nasal, 150 

chromic trioxide in, 150 
postpartum, 541 
ergonovine in, 541 
ergot in, 541 
kephrine in, 405 
morphine in, 374 
styptics in, 148 

Henjorrhagic conditions, snake 
venom in, 094 
vitamin C in, 587 
Hemorrhoids, 190 
phenol in, 190 
! Hemotoxin, 093 
! Heparin, 031 
I Hepatic diseases, 105 
bile salts in, 105 
Heroin, 378 

Herpes progenital is, 133 
calamine in, 133 
zoster, 490 

cocaine in, 490 
morphine in, 372 
thymol iodi«ie in, 211 
Hexavitamin capsules, 570, 579, 
581 

tablets, 570, 579, 581 
Hexestrol, 070 

Hexobarbital soluble, 337, 354 
Hexyl resorcinol, 227, 202 
pills, 202 
Hiccup, 308 
cocaine in, 490 
nikethamide in, .308 
nitrites in, 53.3 
Histaminase, 090 
Histamine, 543, 089 
and antihistamine drugs, 089 
Histidine, 089 
Hodgkin’s disease, 099 
arsenic in, 099 
Homatropine, 447 
hydrobromide, 448 

ill examination for refrac- 
tion, 447 

methylbromide, 448 
Honeys, 44, 77 
Hookworm, 201, 202 

carbon tetrachloride in, 261 
chenopodium oil in, 262 
hexyl resorcinol in, 262 
tetrachlorethylene in, 261 
Hoppe-Sevler ^s sodium hydroxide 
test (CO), 119^ 
Hormones, 642 

of gastrointestinal tract, 683 
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Household measures, 62 
poisons, 89 

Human immune globulin, 608 
measles immune serum, 608 
plasma and serum, 618 
Hydantoin, 363 
derivatives, 362 
Hydrastis tincture, 73 
Hydrochloric acid, 163 
diluted, 166 

Hydrocyanic acid poisoning, 100 
Hydrogen fluoride, 96 
peroxide, 206 
solution, 208 
Hyoscine, 360 
Hyoscyamine, 445 
Hyoscyamus, 362, 446 
extract, 362, 446 
fluidextraet, 446 
tincture, 352, 446 
Hyperacidity, 159, 161 
aluminum hydroxide in, 161 
atropine in, 442 
calcium salts in, 159 
magnesium salts in, 159 
Hyperchlorhydria, 203 
silver nitrate in, 203 
Hyperhidrosis, alum in, 147 
Hyperinsulinism, 658 
Hypermenorrhea, testosterone in, 
682 

Hyperparathyroidism, 655 
Hypertension, 533 
nitrites in, 533 
thiocyanates in, 536 
Hjrperthyroidism, 653 
Hypervitaminosis D, 598 
Hypnotic, 305, 343, 349, 372 
barbital as, 354 
dial as, 353 
morphine as, 372 
phenobarbital as, 353 
Hypnotics, 340 
classiflcation of, 340 
Hypochlorites, 218 
Hypodermoclysis, 20 
Hypoglycemia, 459 
epinephrine in, 459 
Hypoinsulinism, 659 
alloxan in, 659 
Hypo-ovaiianism, 670 
equine gonadotropic hormone 
in, 670 

Hypoparath 3 rroidi 8 m, 655 
vitamin D in, 597 
Hypoprothrombinemia, 602 
vitamin K in, 602 


Hypotension, 464 
amphetamine in, 464 
Hypothyroidism, 652 
Hysteria, 533 
nitrites in, 533 

I 

Ichthammol, 225 
ointment, 225 
Idiopathic epilepsy, 700 
arsenic in, 700 
Idiosyncrasy, 27 
Ileus, postoperative, 430 
neostigmine in, 430 
Immunity, 607 
acquired, 607 
active, 607 
passive, 607 
reactions, 607 
Impetigo, 246 

arnmoniated mercury in, 197, 
199 

gentian violet in, 213 
Peru balsam in, 141 
Incompatibilities, common, 78 
Incombatibility, 77 
chemical, 77 
pharmaceutical, 77 
physical, 77 
therapeutic, 78 

Industrial skin cleansers, 221 
Infant diarrhea, 255 
Influenza, 255 
streptomycin in, 255 
vaccine in, 614 
Infusions, 41 
intravenous, 21 

Inhalation administration, 22 
Injections, 44 
Inositol, 584 
Inscription, 49, 50 
Insecticides, 89 
Insomnia, 341 
paraldehyde in, 341 
Insulin, 657 
injection, 661 
reactions, 661 
Intestinal atony, 430 
neostigmine in, 430 
infections, 246 
putrefaction, 175 
saline cathartics in, 175 
Intracutaneous injections, 22 
Intramedullary injections, 21 
Intramuscular administration, 21 
Intraperitoneal administration, 
21 
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Intravenous anesthesia, 337 
injection, 20 

Inunction administration, 22 
Iodide, potassium, 282 
Iodides, 282 
Iodine, 152 

and iodine compounds, 215 
dusting powders, 217 
ointment, 217 

solution, strong (Lugol’s), 210, 
217 

tincture, 217 
strong, 216, 217 

lodobismuthite sodium with eth- 
ylaminobenzoate, 281 
lodochlorohydroxyquinoline (Vio* 
form), 269 
Iodoform, 217 
Todophthalein sodium, 214 
Ipecac, 167, 268 

and opium pow’der, 376 
fluidextract, 167 
syrup, 167 

Iron and iron compounds, 624 
quinine and strychnine elixir, 
156 

Irrigations, 23 
Irritants, 134 
Isonipecaine, 380 
Isopropyl alcohol, 411 
Isoquinoline, 357 

Isotonic sodium chloride solution, 
621 

J 

Jarish-Herxheimer reaction, 277 
Juniper tar (oil of cade), 143 

K 

Kala azar, 266 

stibophen (fuadin) in, 266 
Kaolin, 77, 169, 170 
Kephrine, 465 

Koppanyi^s test (barbital), 117 
Korotrin, 670 

L 

Lactation, suppression of, 674 
estrogens in, 674, 676 
testosterone in, 682 
Lactogenic hormone, 668 
Lactose, 77 
Lanatoside C, 523 
injection, 523 
tablets, 523 
Lanolin, 128 


Lard, 76, 127, 129 
benzoinated, 76, 129 
Laryngeal stridor, helium in, 702 
Lasser’s paste, modified, 210 
Latin in prescription writing, 52 
phrases and abbreviations, 55 
Laudanum, 376 
Ijavage, gastric, 90 
Lavender, compound tincture, 70 
Laws, State and Federal, 56 

Caustic Poisoning Act, 57 
Federal Narcotic Regula- 
tions, 57 

Food, Drug and Cosmetic 
Act, 56 

Marihuana Act, 57 
Lead, 97 
acetate, 147, 148 
poisoning, 97 
subacetate, 148 
Leche de higueron, 266 
Lemon, tincture, 70 
Leprosy, 297 
chaulmoogra oil in, 297 
diasone in, 298 
ethyl chaulmoograte in, 297 
promin in, 298 
Leukemia, arsenic in, 699 
nitrogen mustard in, 639 
urethane in, 638 
Lewisite, 110 
Lice, 197 

ammoniated mercury in, 197 
DDT in, 230 
Lichen planus, 150 

arsenic trioxide in, 150 
Liebeii’s iodoform test, 115 
Lime water, 159 
Liniments, 43 
Linseed, 331 
Lipocaic, 662 
Liver, 628 
extract, 630 
injection. *630 
preparations, 628 
solution, 630 
with stomach, 630 
Lobelia and lobeline, 476 
Local applications, 22 
Lotions, 42 
phenol in, 190 
Lumbar puncture, 21 
Lu nosol, 206 

Lupus erythematosus, 699 
arsenic in, 699 
arsenic trioxide in, 150 
gold in, 702 

trichloroacetic acid in, 151 
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Luteinizing hormone (L.H.), 667 
Lycopodium, 133, 134 
Lyovac chorionic gonadotropin, 
670 

M 

Maceration, 39 
Magmas, 42 

Magnesium carbonate, 159, 163 
citrate solution, 174, 176 
hydroxide, 159 
magma, 163, 175, 176 
oxide, 159, 163 
phosphate, tribasic, 162 
sulfate, 174, 176 
trisilicate, 159, 163 
tablets, 163 
Ma huang, 460 
Malaria, 291 
arsenic in, 700 
chloroquine in, 293 
paliidrine in, 294 
pamaquine in, 293 
pentaquine in, 294 
quinacrine hydrochloride (ata* 
brine) in, 291 
quinidine in, 52<S 
quinine in, 28.5, 289 
totaquine in, 290 
Male sex hormone, 679 
Malnutrition, 661 
insulin in, 661 
Malonic acid, 346 
Malonylurea (barbituric acid), 
346 

Mandelic acid, 296, 297 
Mandelin’s test (strychnine), 117 
Mapharsen, 279 
Marihuana, 360 

Marquis' test (morphine), 118 
Masses, 45 
Materia medica, 34 
definitions, 17 
Measles, 608 

citrated normal human plas- 
ma in, 608 

human immune globulin in, 608 
human measles imiiiune serum 
in, 608 

normal human serum in, 608 
Mechanism of drug action, 25 
Menadione, 601, 602 
sodium bisulfite, 603 
injection, 603 
tablets, 603 

Meningitis, meningococcic vac- 
cines in, 613 


Ikleniiigococcic infections, 245 
sulfadiazine in, 237 
sulfamerazino in, 239 
Menopausal symptoms, 600 
vitamin E in, 600 
Menopause, 608 
estrogens in, 608 

Menorrhagia and inetorrhngia, 
674 

estrogens in, 674 
progesterone in, 679 
testosterone in, 6S2 
Meperidine, 380 

Meralluride sodium solution, 558, 
559 

Merbromin (mereurochrome), 201 
solution, 202 
surgical, 202 

Mercurial ointment, mild, 198 
strong, 198 

Mercuric cyanide, 200 
iodide, potassium, 200 
salicylate, ampules, 282 
Mereurochrome (merbromin), 201 
Mercurophvlline injection, 558, 
559 

Mercurous chloride, 183 
mild, 183 

ointment, 281 
tablets, 183 
Mercury, 281 
ammoniated, 199, 2iU) 
ointment. 198, 200 
and deriv'atives, 192 
bichloride, 198, 199 

large poison tablets, 199 
small poison tablets, 199 
oleate, 198 
with chalk, 182, 183 
Merphenyl borate, 201 
nitrate, 201 

Mersalyl (salyrgan), 556, 559 
and theophvlline injection, 557, 
559 

Merthiolate, 202 
Mesa n toil!, .363 
Mestilbol, 676 
Metabolic disorders, 592 
vitamin A in, 592 
Metal fume fever poisoning, 99 
Metallic peroxides, 207 
poisons, 114 
tests, 118 

Metaphen (nitroinersol ), 202 
Methacholine, 431 
chloride, 433 
capsules, 433 
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MethacUoHiK^ ('.hloride — ('ont M 
injection, 433 
idiosyncraHy to, 432 
Methadon, 37(5, 3Sl 
Methanol, 410 
Methenainine, 295, 29(5 
Methyl alcohol, 410 
salicylate, 397 
^lethyiene blue, 215 
Methylrosaiiiline chloride (tjeii* 
tian viol(‘t ), 213, 2(52, | 
2(54 I 

jelly, 213 
solution, 213 

Met liyltestOHteroiie, (iHO, (;S3 
tablets, (5.S3 

Metrazol (cardinzol ), 307 
Metric, system, (50 
^fetrolo^jy, 59 

Metvcaine hvdrochloride, 49(5, 
49S‘ 

Mij'raine, 335 
acetanilid in, 3S7 
acetophenetidin in, 3S7 
barbiturates in, 350 
bromides in, 35S 
erj^oiiovine in, 542 
ergdtumine tartrate in, 4(58 
oxygen in, 333 

Millon’s test (phenol), 11(5 
Miscellaneous «liuretios, 5(5.‘i 
Mitscherlich ’s method (phos- 
j)horus), 117 
Mixtures, 41 

Monocttine hydrochloride, 494 
^fonolene, 221 
Morphine, 3(57 
addiction, 374 
sulfate, 37(5 
tablets, 37(5 
teats, 118 
^^outhwashes, 23 
thymol in. 211 
Mucilafjes, 42, (59 
Mucin, j^astric, 102, 1(53 
Mucous membranes, application 
to, 22 

Mustard, 1(57 
black, 137 
{jas, 110 
plaster, 137 
Myanasin, 332 
^[yasthonia jfravis. 441 
atropine in, 441 
curare in, 334 

di-isopropyl fluorophosphatc 
ill, 434 


Myasthenia gravis — ContM 
epinephrine in, 402 
neostigmine in, 430 
Mydriasis, 424 
atropine in, 440 
paredrine in, 4(50 
Myocardial insufticiency, 51(3 
digitalis in, 510 
Myxedema, (552 
thyroifl in, 052 

N 

Naphnzoline (priviiie), 40(5 
hytlrochloride, 4(5(5 
Xareolepsy, 4(52 
ephetlrine in, 402 
Narcosis, 311, 312 

characteristics of, 312 
theories of, 312 
Narcotic drugs, 57 
prescribing of, 57 
regulations, federal, 57 
Narcotiiie, 378 
Nasal medication, 22 
National Formulary (N.F.), 35 
' Nembutal, 353 

i Neoarsphenamine ( neosalvarsan ), 
27S 

i Neocincho[)hen, 398, 400 
tablets, 400 
Neonal, 354 
! Neoprontosil, 232 
j Neosilvol, 20(5 

I Neostibosan ( ethylstibamine), 2(50 
j Neostigmine. 429. t.’iO 
i bromide, 431 
I inethylsulfate injection, 431 
I tablets, 431 

i Neosvnej)lirine (phenvlei>hrine), 
! * 4(55 

I Nephritis, (527 
j iron ill, 027 
} Nephrosis, 558 

I meralluride sodium solution in, 
I 558 

j niercurophylliiie in. 55S 
I Nerve im]>ulses, transmission, 415 
! Nervous system, autonomie, 414 
I Neuralgia, 137, 700 
arsenic in, 700 
counterirritants in, 137 
turpentine in, 140 
Neuritis, 397 

barbiturates in, 350 
thiamine in, 575 
turpentine in, 140 
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Neurosis, 463 

amphetamine in, 463 
Neurotoxin, 639 

New and Nonofficial Remedies 
(N.N.R.), 35 

Niacin or niacinamide, 579 
Nicotinamide, 581 
injection, 581 
tablets, 581 
Nicotine, 470 
Nicotinic acid, 579, 581 
amide, 579 
tablets, 581 
Nikethamide, 308 
Nirvanol, 364 
Nitric acid, 150, 153 
poisoning, 95 
Nitrites, 528 
Nitritoid reaction, 277 
epinephrine in, 459 
Nitrofurazone (furacin), 230 
Nitrogen mustard, 639 
Nitroniersol (metaphen), 202 
Nitrous oxide, 323, 326 
as anesthetic, 324 
mode of action, 324 
N-methyl phenylethyldantoin, 363 
Non rep., 52 

Nonvolatile organic compounds, 
113, 117 

Normal human serum, 618 
Nostal, 354 
Nux vomica, 311 
extract, 311 
tincture, 156, 311 

O 

Obesity, 464, 654 
amphetamine in, 464 
thyroid in, 654 
Obstetrics, 541 
ergot in, 541 

posterior pituitary in, 548 
Ocular infections, 245 
riboflavin in, 578 
Oflicial drugs, 54 

comparative cost. 79 
Ointments, 46, 74 
detoxifying, 75 
diadermic, 74 
endodermic, 74 
epidermic, 74 
protective, 76 
white, 76 


Old tuberculin, 612 
Oleates, 46 
Oleoresins, 38, 44 
Oleovitamin A, 594 
and D, 594 

concentrated, 594 
capsules, 594 
capsules, 594 
D, synthetic, 598 
Olive oil, 129, 177 
Ophthalmia neonatorum, 203 
silver nitrate in, 203 
Ophthalmic disorders, 426 
pilocarpine in, 426 
tests, 28 
Opium, 375, 376 
addiction, 375 

and glycyrrhica mixture, com- 
pound, 168, 376 
powdered, 376 
tincture, 376 
camphorated, 376 
Oral administration, 19 
Orange peel, bitter, tincture, 70 
sweet, tincture, 70 
syrup, 68 

Ordeal beans, 426 
Ortal sodium, 354 
Orthoform, 492 
Osteomalacia, 596 
vitamin D in, 596 
Ouabain, 523 
injection, 523 
Ovarian hormones, 671 
Ox bile, extract, 166 
Oxidizing agents, 206 
Oxophenarsi ne hydrochloride 
(mapharsen), 279, 280 
Oxygen, 334, 336 
carbon dioxide mixture, 336 
chamber, 335 
tent, 335 

Oxyquinolino sulfate, 221 
Oxyuriasis, 263 

gentian violet in, 263 
hexylresorcinol in, 262 
Oxjmris (pin, thread, or seat- 
worms), 262, 263 

P 

Paludrine, 294 
Pamaquine, 292 
naphthoate, 293 
Pancreas, 657 
Pancreatic steatorrhea, 166 
pancreatin in, 166 
Pancrcatin, 166 
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Pantopon, 378 
Pantothenic acid, 582 
Papain, 38 
Papaverine, 377, 534 
hydrochloride, 378, 535 
injection, 535 

Para*aminobenzoic acid, 584 
Para’aminophenol, 384 
Paraffin, 128, 129 
Paraldehyde, 341 
Paralysis, 311 
agitans, 361 

scopolamine in, 361 
stramonium in, 447 
strychnine in, 311 
Parasympathetic nervous system, 
414 

Parasympatholytic drugs, 435 
Parasympathomimetic drugs, 421 
Parathyroid glands, 655 
injection, 657 
Paredriiie, 466 
Paregoric, 376 

Parenteral administration, 20 
Paresis, 284 
bismuth in, 284 
penicillin in, 284 
tryparsamide in, 284 
Parkinsonian syndrome, 695 
snake venom in, 695 
Parkinson's disease, 445, 464 
amphetamine in, 464 
scopolamine in, 445 
Paroxysmal tachycardia, 503 
digitalis in, 516 
quinidine in, 527 
Pastes, 74 

Patent medicines, 34, 88 
Pectin, 621, 622 
paste, 622 
thin, 622 

Pellagra, nicotinic acid in, 580 
Pelletierine tannate, 266 
Pemphigus, 150 
arsenic trioxide in, 150 
Penicillin, 249 
calcium, 253 
dental caries, 253 
injection, 253 
ointment, 253 
sodium, 253 
tablets, 253 
troches, 253 
unit, 253 
Pentaqnine, 294 

Pentavalent gas gangrene anti- 
toxin, 610 


Pentnucleotide, 637 
Pentobarbital sodium, 353 
capsules, 353 
tablets, 353 
Peppermint oil, 154 
spirit, 70 
water, 67 
Pepsin, 164, 166 
Peptic ulcer, 161 

aluminum hydroxide in, 161 
bismuth compounds in, 161 
gastric mucin in, 162 
magnesium salts in, 159 
magnesium trisilicate in, 159 
protein hydrolysate in, 693 
Percolation, 39 
Percomorph liver oil, 595 
Pericarditis, 372 
morphine in, 372 
Pernicious anemia, 629, 699 
arsenic in, 699 

liver and stomach prepara- 
tions, 629 
Pernoston, 354 
sodium, 354 

Pertussis, 609 (see W'hooping 
cough) 

Peruvian balsam, 141 
Petrolatum, 76, 127, 129 
liquid, 129, 177, 178 
emulsion, 129, 178 
Petroleum distillate, 108 
Phanodorn, 354 
Pharmaceutical chemistry, 17 
preparations, 40 
classes of, 41 
alcoholic, 42 
aqueous, 42 
other fluid, 43 
solid and semisolid, 45 
processes, 38 
Pharmacodynamics, 17 
Pharmacognosy, 17 
Pharmacology, 17 

basic principles of, 17 
Pharmacotherapeutics, 17 
Pharmacy, 17 

Pharyngeal and oral administra- 
tion, 23 

Pharyngitis, 211, 377 
papaverine in, 377 
thymol in, 211 
Phemorol chloride, 224 
solution, 224 
tincture, 224 

Phenacaine hydrochloride, 493 
Phenanthrene, 365 
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Phenobarbital, 351, 352 
elixir, 352 
sodium, 351, 352 
tablets, 352 
tablets, 352 
Phenol, 188, 190 
coefficient, 188 

derivatives, 386 ! 

liquefied, 190 
ointment, 190 
tests, 116 

Phenolphthalein, 183, 184 
dyes, 214 

Phenolsulfonphthalein, 214 
injection, 214 
Phenothiazine, 266 
Phenylephrine ( neosvnephrine ) , 
465 

hydrochloride, 465 
Phenylethylhydantoin, 364 
Phenylhydrazine, 638 
Pheaylmercuric compounds, 200 
picrate, 201 
Phosgene, 110 

Phosphonis, tests, 117 , 

Physostigmine (eseriiie), 426 | 

salicylate, 429 i 

Picric acid, 191, 192 ! 

Picrotoxin, 306 
injection, 307 

Pills, 45 I 

Pilocarpine, 421, 426 

hydrochloride, 426 j 

nitrate, 426 
Pine tar, 143, 144 
ointment, 144 
Pineal gland, 683 
Pin worms, 266 

aminoniated mercury in, 199 
chenopodium oil in, 262 
Pitoein, 544 
ampules, 549 
Pitrcssin, 544 
ampules, 549 

Pituitary, anterior, 647, 667 
antidiuretic action, 546 
cachexia ( Simniond ^s d iseas«» ) , 
649 

gonadotrophic hormones, 667, 
668 

posterior, 543, 646 
Pityriasis versieelcr, 142 
ehrysarobin in, 142 
Plague, 611 
vaccine, 611 
Plant colloids, 176 


Plantago seeds, 177 
Plasma vs. serum, 618 
Plasters, 46 
Pleurisy, 372 
morphine in, 372 
Pneumococcic infections, 247 
penicillin in, 252 
sulfadiazine in, 237 
sulfamerazine in, 239 
sulfapyrazine in, 241 
Pueiimonia, 517 
digitalis in, 517 
Pneumothorax, artificial, 335 
oxygen in, 335 
Podophyllum, 181 
resin, 181 
Poison ivy, 695 
extract, 695 
lead acetate in, 147 
phenol in, 190 

potassium permanganate in. 
207 

Poison oak. 695 
extract, 695 
Poison sumac, <)95 
extract, 695 
Poisoning, 82 
acute, 82 

sources of, 88 
chronic, 82 
cumulative, 22 
iliagriosis of, 87 
duties of physician in, 87 
industrial, treatment of, 94 
treatment of, 89 

supportive measures, 91 
Poisons, 82 
action of, 82 

conditions modifving effect of, 
85 

fate of, S3 
industrial, 94 

methoils of detection and isola- 
tion, 110 
biological, 1 1 1 
chemical, 111 
physical, I Pl 
neutralization of, 9(» 
symptoms of, 84 
Poliomyelitis, 334 
curare in, 334 
neostigmine in, 430 
Polycythemia vera, 637 

phenylhydrazine in, 638 
radiation therapy in, 637 
radioactive phosphorus in, 
637 
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Polymyxin, 25(i 
Polyvinyl alcohol, G22 
Potaasiiiin, 564 
acetate, 564 
chloride, 564 
tablets, 564 
hydroxide, 153 
iodide, 168, 262 
nitrate, 564 
salts, 562 
Poultices, 46 
Powders, 47 
Pp., 52 

Pregnancy, 627 
iron in, 627 
Pregnanediol, 677 
Pregneninolono, 677 
Preiiiature labor, 600 
vitamin E in, 600 
Premedication, 350, 352, 361, 373 
atropine in, 442 
morphine in, 373 
.scopolamine in, 361, 444 
sodium amytal in, 352 
Prescribing, safetv generalitie.s, 
70 

Prescription writing, 40 
Prescriptions, clas.ses of, 58 
nonofticial, 5ii 
official, 50 
percentage, 50 

practical construction of, 58 
size of, 63 

Ib'obarbital calcium (ipral cal- 
cium), 354 

sodium (ipral sodium), 354 
Procaine (novocain), 4(t3 
hydochloride, 404 - - 

Prodavine dihydrochloride, 213 
Progestational compounds, 677 
standardization, 670 
Progesterone, 677, 670 
Promin, 208 
Promizole, 208 
Prontosil, 232 

Propadriiie hydrochloride. 466 
Proprietary drugs, 34 
Propylene glycol, 77 
Pro.static carcinoma, <>75 

diethylstilbestrol in, 675 
Prostigniine, 420 

Protamine zinc insulin injection, 
661 

Pro tan, 148 
Protect ives, 131 

Protein and amino acid prepara- 
tions, 692 


Proteins, 38 
Pruritus, 134 

ani, cocaine in, 494 
calamine in, 134 
chloral hydrate in, 344 
ethyl aminobeiizoate in, 491 
Prussian blue test (cyanide), 116 
P.soria.sis, 199 

ammoniated mercury in, 190 
arsenic in, 700 
arsenic trioxide in, 150 
chrysarobiii in, 142 
ichthammol in, 225 
pine tar in, 143 
sulfurated potash in, 229 
Psyllium seeds, 176 
Pubertal b 1 e e d i n g, ehorionic 
gonadotropin in, 609 
Puberty delayed, equine gonado- 
tr(q)ie, hormone in, 670 
Pulmonary embolism, papaverine 
ill, 534 

Pulsus alternans, digitalis in, 516 
Purgatives, 170 

Purihed protein derivatives of 
tubereulin, 612 

Pyelography, bromides in, 359 
Pvlorospasms, atropine in, 441 
Pyrazolon derivatives, 389 
Pyribenzamine 1 tripelennamine 
hydrochlorule), 690 
Pyridine, 581 

1 Pvrotaiinic acid tost (for CO), 
1 ‘ 119 


i H 

1 O.K., 51 
! Q.S., 51 

I Quinacrine hydrochloride, 291, 292 
I tablets, 292 

j (juinidine, 524 
! digitalis vs., 525 

I .sulfate, 528 

' tablets, 528 

I (Juiuiue, 285, 549 

and urethane injeetiou, 291, 637 
bisulfate, 291 
«lihydrochlori<le, 291 
; and urethane, 636 

i ethylcarbonate, 29 i 
hydrochloride, 291 
prescriptions, 291 
Q.A.P. treatment, 289 
sulfate, 291 
tablets, 291 
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B 

Babies, 611 
chloral hydrate in, 343 
nitric acid in, 150 
vaccine, 611 
Badiation therapy, 637 
Badioactiye phosphorus, 637 
substances, 108 
Baspberry syrup, 68 
Baynaud’s disease, 533 
nitrates in, 533 
papaverine in, 534 
Bectal administration, 19 
anesthesia, 340 
Bed blood cells, 620 
Beduced iron, 628 
Reference standards U.S.P,, 40 
Reinsch test (metals), 118 
Renal function, theories of, 551 
Resins, 38, 46 
Resorcinol, 226, 227 
monoacetate, 226, 227 
strong paste, 227 
Respiratory depression, carbon 
dioxide in, 336 
obstruction, helium in, 702 
Rheumatic fever, 395 
salicylates in, 395 
vaccine in, 395 
Rheumatic heart disease, 253 
penicillin in, 253 
Rhinitis, 458 

epinephrine in, 458 
naphazoline in, 466 
phenylephrine in, 465 
tuamine in, 466 
vonedrine in, 467 
Rhubarb, 178, 179 
aromatic, syrup, 179 
tincture, 179 
extract, 179 
Rhus preparations, 695 
Riboflavin, 576, 579 
injection, 579 
phosphate, 570 
sources of, 578 
tablets, 579 
Bice polishings, 581 
extract, 581 
Rickets, 596 
vitamin D in, 596, 597 
Rickettsias, aureomycin in, 257 
Ringer’s solution, 621 
lactated, 621 
Ringworm, 140 
ammoniated mercury in, 199 
chrysarobin in, 142 


Ringworm — Cont ’d 
copper sulfate in, 152 
Peru balsam in, 140 
salicylic acid in, 210 
sulfurated potash in, 229 
Roentgen sickness, caffeine in, 304 
Rose water, 67 

ointment, 76, 128, 129 
stronger, 68 
Roundworms, 264, 265 
Rubber, synthetic, 109 
Rubefacients, 134 
Rutin, 589 

S 

Saccharin, 68 
sodium, 69 

Sal-ethyl carbonate, 398 
Salicin, 390, 398 
Salicylate, 390 
ammonium, 396 
ethyl, 398 
methyl, 397, 398 
phenol, 397, 398 
sodium, 396 

Salicylic acni, 151, 209, 210, 391, 
396 

esters, 391, 396 
collodion, 210 
Salicylism, 394 
Saligenin, 390 
Saline diuretics, 562 
solutions, 621 
Salysal, 398 
Handoptal, 355 
Santomerse, 221 
Santonin, 264, 265 
Saponins, 37 

Sarsaparilla syrup, compound, 68 
Scabies, 143 

benzyl benzoate in, 225 
betanaphthol in, 204 
juniper tar in, 143 
pine tar in, 143 
sulfur in, 228 
Scalp pomade, 75 
Scarlet fever, 612 

streptococcus antitoxin, 613 
for Schultz-Charlton test, 
612 

streptococcus toxin, 612 
red, 212 
ointment, 212 
sulfonate, 212 

Scherer’s test (phosphorus), 117 
Schistosomiasis, 265 
tartar emetic in, 265 
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Schizophrenia, insulin in, 661 
Schonbein^s test (cyanide), 116 
Sciatic neuralgia, morphine in, 372 
Scillaren, 524 
B, 524 

Scleroderma, vitamin D in, 597 
Sclerosing agents, 636 
Scopolamine (hyoscine), 360, 443 
hydrobromide, 362, 445 
Scurvy, vitamin C in, 587 
Seasickness, 361 

scopolamine hydrobromide in, 
361 

Seborrhea, 199, 225 - 

ammoniated mercury in, 199 
ichthammol in, 225 
resorcinol in, 227 
salicylic acid in, 210 
Seconal sodium, 355 
Sedative, 343, 349, 356, 358 
Seidlitz powders, 175, 176 
Selenium poisoning, 100 
Senna, 179 

compound powder, 131, 179 
fluidextract, 179 
syrup, 179 

Septicemia, digitalis in, 517 
Serum albumin, 619 
Serunis, 607 
Sex hormones, 665 
Shock, 307, 335, 458 
digitalis in, 517 
epinephrine in, 458 
ergotoxine ethanesulfonatc in, 
468 

metrazol in, 307 
nikethamide in, 308 
oxygen in, 335 
posterior pituitary in, 549 
Signature, 49, 62 
Silver, 202 

chloride, colloidal, 206 
compounds, 202 
halides, 205 
iodide, colloidal, 205 
mild protein, 205 
nilrate, 150, 203 
picrate, 203, 205 
preparations, colloidal, 204 
strong protein, 204 
Sinigrin, 37, 137 
Sinus arrhythmia, 502 
Skin diseases, 142, 148, 256, 577, 
592 

aluminum subacetate in, 147 
atropine in, 441 
bromides in, 358 


Skin diseases — Cont’d 
caustics in, 148 
chrysarobin in, 142 
mercury in, 197 
pine tar in, 143 
polymyxin in, 256 
thiamine in, 577, 578 
vitamin A in, 592, 593 
infections, 246 
Smallpox, 612 
vaccine, 613 
Snake bites, 207, 608 

antivenin (crotalus) in, 608 
potassium permanganate in, 
207 

venoms, 693 
Soap, hard, 222 

liniment, camphor and, 222 
medicinal soft, 222 
soft, liniment, 222 
Soaps, 222 
Sobisminol mass, 281 
Sodium alurate, 353 
amytal, 352 
ascorbic injection, 589 
benzoate, 210 
bicarbonate, 157, 163 
biphosphate, 175, 176 
borate solution, compound, 209 
bromide, 359 
elixir, 359 
dehydrocholate, 165 
formaldehyde sulfoxylate, 195 
glycocholatc, 164 
hydroxide, 152 
hypochlorite solution, 219 
dilute, 219 
rnorrhuate, 636 
injection, 636 
pentobarbital, 353 
perborate, 207, 208 
phenobarbital, 352 
phosphate, 175, 176 
salicylate, 396 
sulfate, 175, 176, 564 
thiopental, 338, 339 
soluble, 339 
thiosulfate, 195 
Solutions, 41 
Solvents, drug, 39 
Spasms, 319, 463 
amphetamine in, 463 
ether in, 319 
Spearmint spirit, 70 
water, 67 
Spermaceti, 130 
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Spermatocides, 220 
Spider bites, 152, 431, 608 

antivenin (Lactrodectus inae 
tans) in, 608 
iodine in, 152 
neostigmine in, 431 
Spinal anesthesia, 497 
Sprays, 44 
Squill, 524 

compound syrup, 169 
Ss, 51 

Standardization of drugs, 39 
Staphylococcus infections, 247 
penicillin in, 252 
sulfadiazine in, 237 
sulfamerazine in, 239 
tyrothricin in, 256 
vaccine in, 614 
Starch, 37, 77, 130, 133 
glycerite, 77 
Status epilepticus, 341 
bromides in, 358 
paraldehyde in, 341 
Sterility, equine gonadotropic hor- 
mone in, 670 
Stibophen (fuadin), 265 
Stomach, 628 
powdered, 630 

Stomachic, strychnine as, 311 
Stomatitis, ulcerative, 147, 149 
chromic trioxide in, 149 
zinc sulfate in, 147 
Stramonium, 447 
alkaloids, 446 
extract, 447 
tincture, 447 

Streptococcus infections, 252, 256 
penicillin in, 252 
tyrothricin in, 256 
Streptomycin, 254 
unit, 256 

Strongyloidosis, 263 
Strophanthin, 523, 524 
Strychnine, 308 
sulfate, 311 
tablets, 311 
tests, 117 
Styptics, 148 
iron in, 627 

Subacute bacterial endocarditis, 
heparin in, 632 

Sul>cutaneous administration, 20 
Subdural injections, 21 
Subnasal injections, 22 
Subscription, 49, 51 
Subtilin, 257 


Succinylsulfathiazole, 236 
tablets, 236 

Sucrose, as diuretic, 563 
Sugars, 37 
Sulfacetimide, 243 
Sulfadiazine, 237, 238 
sodium, 237, 238 
sterile, 238 
tablets, 238 
Sulf agnail idine, 238 
tablets, 238 

Sulfamerazine, 238, 239 
sodium, 239 
sterile, 239 
tablets, 239 
Sulfamethazine, 243 
Sulfamylon, 243 
SulfanUamide, 239, 240 
I acetylated, 233 

prophylactic use of, 247 
: routine for treatment, 249 

I tablets, 240 

! Sulfapyrazine, 241 
I tablets, 241 
■ Sulfapyridine, 241, 242 
sodium, sterile, 242 
I tablets, 242 
i Sulfarsphenamiiie, 279 
I Sulfasuxidine, 270 
I Sulfathiazole, 242 
sodium, 243 
sterile, 243 
tablets, 242 

I Sulfobroniophtiuileiii sodium, 214 
I Sulfonamides, 232 
choice of, 244 
drug resistance, 248 
local use of, 246 
mode of action, 233 
prophylactic use of, 247 
routine for treatment, 249 
therapy precautions in, 248 
Sulfonated oils, 74 
Sulf one group, 344 
Sulf ones, 297 
Sulfonethylmethane, 345 
Sulf on methane, 345 
Sulfur, 227 

compound ointment, 229 
ointment, 75, 228 
precipitated, 228 
sublimed, 228 
Sulfurated potash, 229 
Sunburn, bismuth carbonate in, 
132 

SuperscTiption, 49, 50 
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Suppositories, 45 
Surjrery, digitalis in, 517 
Sweetening agents, 08 
relative j)ower, 09 
Sympatholytic drugs, 407 
Sympathoniimetic drugs, 450 
Synergists, 29 
Synthetic drugs, 30 
Syphilis, 284 
arrenic in, 284 
arsphenamine in, 278 
bismarsen in, 279 
bismuth in, 280, 283, 284 
iodides in, 282 
mercury bichloride* in, 198 
neoarsphenamine in, 278 
oxophenarsine in, 279, 283, 284 
penicillin in, 282, 284, 285 
potassium iodide in, 284 
sulfarsphenamine in, 285 
Syrups, 08, 421 

Svstoles, pr(*niatiiro, papaverine in, 
535 

T 

Tabes dorsalis, 284, 095 
penicillin in, 284 
snake* ve*nom in, 095 
tryparsamiele in, 284 
Tablets, 45 
e*e)mpress(*d, 45 
hypoelermic, 40 
triturate, 40 

Tachycarelia, 307, 429, 432 
e*arbae*hol in, 433 
rnethacholine in, 432 
metrazol in, 307 
phvsostigmiiie in, 429 
Talc,* 134 
Talcum, 133 
Tannie^ acid, 140 
glycerite, 140 
ointment, 140 
Tannins, 37 
Tapeworm, 200 
dwarf, 202 

infections, oleoresin of aspidium 
in, 200 

Tar oil, rectified, 144 
Tartar emetic, 205 
Tastes, 71 

Tellurium poisoning, 100 
Ter pill hydrate, 108 
Testosterone, 080 
propionate, 682 
Tetanus, 34, 610 

and gas gangrene antitoxin, 610 


Tetanus — Cont M 
antitoxin in, 610 
chloral hydrate in, 343 
curare in, 334 
dihydrotachysterol in, 656 
nitrites in, 533 
toxoid in, 610 
vitamin D in, 655 
Tetany, 655 
acute, 655 

calcium chloride solution in, 655 
calcium gluconate solution in, 
655 

chronic, 655 

parathyroid injection in, 655 
Tetracaine hydrochloride, 496 
Tetrachloroethylene, 26 1 
capsules, 261 

Tetraethylammonium chloride, 477 
Thebaine, 378 
Theobroma oil, 128, 129 
Theobromine, 559, 560 

and sodium acetate, 560, 561 
and sodium salicylate, 560, 561 
Theocalcin, 560, 501 
Theophylline, 559, 560 
ami sodium acetate, 561 
i tablets, 561 

I tablets, 561 
i Thiamine, 571 

tiiphosphate, 570 
hydrochloride, 576 
injection, 576 
I tablets, 570 
I Thiocyanates, 535 
I Thiodiphenylamine derivatives, 691 
! Thiopental sodium, 338, 339 
sterile, 339 
Thrombin, 620, 635 
c'ellulose, 620 

Throinboplastic substances, 035 
Thrombosis, 632, 635 
dicoumarin in, 635 
heparin in, 632 
Thymol, 211, 212 
iodide, 211, 212 
Thymus, 683 
Thyroid, 654 
gland, 650 
tal)lets, 655 
Thyroidectomy, 654 
iodine in, 654 
thiourac.il in, 654 
Thyroxin, 650, 651, 655 
Tinctures, 43, 70 
Tinea versicolor, sulfur in, 228 
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Titanium dioxide^ 134 
oxide, 132 

Tobacco habit, acute intoxication, 
473 

chronic intoxication, 474 
smoke, 472 
arsenic in, 472 
carbon monoxide in, 472 
Tolu balsam, 141 
syrup, 141 
tincture, 70, 141 
Toluidine blue, 636 
Tonic, bitter, 155, 627 
compound cardamom tincture 
in, 155 
gentian in, 155 
iron in, 627 

tincture nux vomica in, 155 
Tonsillitis, strong iodine tincture 
in, 216 

Topical administration, 22 
Totaquine, 290, 291 
Toxicological analysis. 111 
points of signi/icance, 119 
scheme of, 112 
Toxicolo^, 82 
definition, 17 
industrial, 92 

Trachoma, copper sulfate in, 151 
Tragacanth, 130, 131 
mucilage, 69 

Triasyn B capsules, 576, 579, 581 
tablets, 576, 579, 581 
Tribromoethanol (avertin), 330, 
331 

solution, 331 
Trichinosis, 261 
Trichloroacetic acid, 151, 153 
Trichloroethylene, 332 
poisoning, 102 
Trichomoniasis, 269 
Trichomonas vaginalis, 204, 206 
hydrogen peroxide in, 206 
silver picrate in, 204 
Tridione, 364 
Trifacial neuralgia, 344 

butylchloral hydrate in, 344 
Trigeminal neuralgia, trichloro- 
ethylene in, 332 
Trimethadione, 364 
Trinitrophenol (picric acid), 191, 

. 192 

Triturations, 47 

Trivalent gas gangrene antitoxin, 
610 

Troches, 23, 45 


Tryparsamide, 280 
Tuamine, 466 
sulfate, 466 
Tuberculin, 612 
old, 612 

purified protein derivatives of, 
612 

Tuberculosis, 247, 255, 612 
diasone in, 298 
promin in, 298 
promizole in, 298 
streptomycin in, 255 
Tularemia, 255 
Turpentine, 140 
emulsion, 140 
liniment, 140 
oil, 140 
rectified, 140 

Tutocaine hydrochloride, 495 
T 3 rmpanites, carminatives in, 154 
Typhoid and paratyphoid vac- 
cines, 612 
fever, 612 
vaccine, 612 
Tyramine, 467, 543 
Tyrothricin, 256 

U 

Ulcerative colitis, protein hydrol- 
ysates in, 693 

Ulcers, 151 
acetic acid in, 151 
butesin picrate in, 491 
butyl aminobenzoate in, 491 
chromic acid in, 149 
ethyl aminobenzoate in, 491 
gastric, 132 

bismuth subcarbonate in, 132 
silver nitrate in, 150, 203 
strong iodine tincture in, 217 
Undulant fever, 255 
polymyxin in, 256 
streptomycin in, 255 
United States Dispensatory (U. 
S.D.), 35 

United States Pharmacopoeia (U. 
8.P.), 34 

Urea, 564 

Urethane (ethyl carbamate), 638 
Urethral administration, 23 
spasm, papaverine in, 534 
Urethritis, potassium perman- 
ganate in, 207 

Urinary sedative, 245, 295, 362 
hyoscyamus tincture in, 362 
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Urinary sedative — Cont'd 

mandelic acid and salts in, 
296 

methenamine in, 295 
Urine formation, 551 
Urochloralic acid, 342 
Urogastrone, 683 
Urticaria, 190, 690 
antihistamine drugs in, 690 
phenol in, 190 
Urushiol, 695 
Useful drugs, 35 

Uterus, inertia, ergonoviiie in, 542 
subinvolution, ergot in, 541 

V 

Vaccines, 607 

Vaginal administration, 53 

Vaginitis, 269 

copper sulfate in, 147 
iodoclilorohydroxyquinoliiie (vio- 
forin) in, 269 
leail acetate in, 147 
monilia albicans, glyccrite of 
boroglyceriu in, 209 
silver picrate in, 2.04 
sodium borate glycerin tam- 
pons in, 209 
senile, estrogens in, 674 
Valve defects, digitalis in, 517 
Vanillin, compound spirit, 70 
Vanishing cream, simple, 75 
Varicose veins, sodium rnorrhuate 
in, 636 

Vascular disease, 432 
carbachol in, 433 
mcthacholine in, 432 
Vegetable drugs, active princ»iph*s, 
36 

Vehicle, 49 
Vehicles, 66 
alcoholic, 69 
aqueous, 67 

6avoring and coloring, 66 
solid and semisolid, 73 
Ventricle injection, 22 
Ventriculin, 630 

Vermifuge, veterinary, pheno- 
thiazine in, 266 
Vesicants, 134 
Vesicle medication, 23 
Vinbarbital sodium, 355 
Vincent's infection, 149, 206 
chromic trioxide in, 149 
hydrogen peroxide in, 206 
s^ium perborate in, 207 


Vinegars, 45 

Vinyl ether (divinyl oxide), 331 
Vioform (iodoehlorohydroxy quin- 
oline), 217, 269 

Virus diseases, aureomycin in, 257 
Vitamins, 556 
A, 590 

B complex, 570 
B„ 571 
B«, 581 
0, 585 

D, 595 

E, 599 

fat soluble, 590 
H, 583 

K, 600, 601, 635 
vs. hair color, 585 
Volatile (essential) oils, 38, 44, 
211 

poisons, 112, 114 
Vonedrine, 467 

W 

War gases, 109 
Warts, 149 
chromic acid in, 149 
nitric acid in, 150 
salicylic acid in, 151 
Water as a diuretic, 563 
Waters, 41 
aromatic, 67 
Wax, white, 130 
yellow, 130 
Waxes, 38 

Weights and measures, 59 
equivalents, 61, 62 
Wetting agents, 221 
Wheat germ, 576 
Whipworms, 262 
hexylresorcinol in, 262 
Whisky, 410 
White lotion, 229 
Whitfield's ointment, 210 
Whole blood, 616 
Whooping cough, 389 
antipyrine in, 389 
atropine in, 389, 440 
immune serum in, 609 
menthol in, 141 
pertussis vaccine in, 609 

and antitoxin combined, 
609 

combined with diphtheria 
and tetanus toxoid, 609 
combined with diphtheria 
toxoid, 609 
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Wilkinson’s ointment, 228, 229 
Wool fat (lanolin), 128, 129 
hydrous, 76, 129 
Wounds, 246 

X 

Xanthine diuretics, 559 
Y 

Yatren (chiniofon), 269 
Yeast, 576 


Yohimbine, 469 
Young’s rule, 65 

Z 

Zephiran chloride, 223 
Zinc chloride, 152, 153 
insulin crystals, 662 
oxide, ointment, 76 
peroxide, medicinal, 208 
sulfate, 147, 148 
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